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A NEW STONE-IMPLEMENT TECHNIQUE FROM ZULULAND. 


By A. J. H. Goopwin, M.A., University of Cape Town, and W. E. Jonss, 
Mfongosi, Nkandhla District, Zululand. 


(With Plates I and II, and one Text-figure.) 


During the middle of 1929 Mr. Jones discovered an interesting site of 
stone implements near his home at Mfongosi, in Zululand. 

The site is a small one, about 20 yards square, so far as he can deter- 
mine, and is on the edge of a ploughed patch. Behind and to the immediate 
right, looking eastward, the ground rises to a large mound, overgrown 
with clumps of bushes and long grass, which seems to be the source from 
which the implements have washed down. Although a careful search has 
been made over the surface of this mound, it has so far yielded nothing. 
Looking back from this mound westward and over the site, the ploughed 
land slopes gently down to the bank of the Amanziwayo River, and lies 
on the alluvium of that stream. Fifty yards farther down this river meets 
and joins the Kumbikulu River at right angles, and the two combine to 
flow due east. 

The material is all from the surface, or rather, collected after ploughing 
had disturbed the surface, and after old surfaces had been washed out by 
thunderstorms. The soil is red, and many of the artefacts are plastered 
with a limy concretion, solid, and impossible to detach. This limy matter 
is typical of the red earthy desertic soil of South Africa, and is brought 
to the surface of the soil in solution, being deposited by the subsequent 
evaporation of the solvent water. 

The material collected by Jones amounted to about 150 specimens in 
all, and interested him particularly as they showed a peculiar phenomenon 
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which suggested a new stone-implement technique of a type hitherto 
unknown to archaeology. The material was submitted to Mr. Goodwin, 
who published a preliminary note in “ Man.” * It recalls, in those specimens 
showing secondary trimming, the Glen Grey Culture, + a culture which is 
traceable in its origins to a Mousterian source, but shows apparent Nean- 
thropic tendencies or influences. Typical of the culture are blades and 
lance-heads, worked on one face only; and in the later phases, crescents 
and flakes showing facies similar to the Lower Capsian of Europe. A 
more detailed description of the material from the type-site is in course of 
preparation. 

The interest attaching to these implements lies in a peculiarity of 
secondary trimming hitherto unknown to archaeology. The interest is 
greater in that there is a possibility that this trimming is not human, and 
that a ‘“ natural ”’ (i.e. non-human) origin may have to be sought in ex- 
plaining its presence. That all the stones submitted are artefacts in the 
true sense of the word is certain. The congeries is recognisable not only 
as human, but as very definitely similar to the Glen Grey material, and it 
is directly comparable with a large collection of like types submitted to 
Goodwin by Mr. H. P. Thomasset from Weenen in the same general area, 
but 60 miles westward. 

The “ technique ” consists of the appearance of a large number of small 
cuts making a saw-like edge very similar to those visible on a well-known 
type of bread-knife. The cuts are set at right angles to the edge of the 
blade, and are on one or both faces. They measure perhaps a millimetre 
in length and are spaced at a similar distance one from the other, the depth 
is slight and in effect somewhat recalls the graded edge of a millimetre 
ruler, or at times the milling on a coin. . 

The material in all instances (save for a few white quartz specimens) is 
an indurated shale, considerably oxidised. This oxidation is exactly similar 
on the body of the stone and in all the grooves, implying that these small 
cuts are of a date comparable with the original flaking of the stone. Where 
these incisions appear, the grooves usually meet over the edge, coinciding 
fairly well, but not absolutely. They weather in two ways, either to form 
a series of small denticles where cuts have been, or to form a straight edge 
leaving only remnants of the original incisions. On the surfaces of one or 
two specimens appear markings, uneven, and not now explainable owing 
to oxidation which has worn them away to give an impression very like 
that produced by pressing string against wax (see text-fig. 1 (3 and 5) and 
Plate I). 

* Man, vol. xxix, 1929, No. 127. 

+ See Goodwin and Lowe, Ann. S. Afr. Mus., xxvii, p. 101; and Burkitt, South Africa’s 
Past, in Stone and Paint, Cambridge, 1928. 
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If these cuts are human in origin they imply the regular use of some 


FE sharp-cutting instrument, presumably of quartz, along the edges of the 

ig various flakes to produce a saw-like edge on the original hard shale. But 

2 a variety of other facts must be taken into consideration. 
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Text-Fic. 1.—1l, Lance-head; 2, 3, 4, 5, Flakes, all showing the peculiar “ technique” 
described. 


M. l’Abbé Breuil, when visiting South Africa, in addition to stimulating 
archaeological interest in various ways, drew attention to a fact which 
had hitherto been underestimated in dealing with cave and even open-site 
material. He pointed out that rodents, owing to the peculiarity of per- 
sistent incisors, need to gnaw continually for purposes other than ieeding, 
the growth of these persistent teeth has to be balanced by grinding down 
their surfaces. This is sometimes done quite automatically in the process ag 
of feeding, but often has to be augmented by gnawing at bone, stone, or A 
hard wood. The mechanical process involves the gripping of the object 
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between the teeth, and the grinding of the lower teeth away from the 
body of the object and towards the edge, never laterally. The upper 
incisors, meanwhile, remain relatively still. The result is a double grooving 
on the lower face of the object at right angles to the edge, and two shorter 
grooves, referable to the upper central incisors on the opposite face. Since 
the Abbé’s visit a number of good specimens have been collected, the best 
being of blue limestone from a porcupine den deep in the Cango Cave. 
These show the typical grooving, long on one face, short on the other, but 
in no instance do the grooves reach the extreme edge of the stone. 

A comparison with the specimens under discussion shows a striking 
similarity, but also striking contrasts. In the case of the porcupine the 
grooves are paired and measure 3 mm. across and 30 mm. in length, while 
in the Mfongosi implements they are more of the nature of sharp cuts, and 
are about 1-5 mm. in length. They are very evenly spaced along the whole 
section affected (often 30 mm. in length) and do not seem to be in pairs. 
The marks in many instances have not reached the actual edge, stopping 
immediately short of it, but in most instances they seem to have actually 
cut right through the edge to give complete denticles, even in the relatively 
unweathered specimens. 

The position of these cuts relative to the implements does not neces- 
sarily point to their having been of human origin. The flakes on which 
they appear are often of a chance type, normally relegated to the reject 
class, but interesting for the presence of the incisions. The edges more 
usually worked often show signs of the incisions, but as often these appear 
on portions of the edge which are not normally associated with usage. 
The magnitude of the flakes so treated does not imply any preference for 
implements of any particular size. Some of the smallest specimens measure 
6 mm. by 4 mm., and are as evenly cut as the largest specimen, which 
measures 75 mm. by 60 mm. The presence of these diminutive specimens 
seems to preclude the artificial origin of the “‘ technique ” and implies that 
a natural origin must be sought, but in some instances they are obviously 
broken fragments of implements of larger size, and the number which do 
not fall into this class is small. 

The only animal whose teeth are spaced at a distance similar to that 
observable between the incisions and whose teeth would give a cut of 
such regularity is the field-mouse. No specimens of gnawed stone abso- 
lutely referable to this animal are known, but the application of the 
skull of such an animal leads one immediately to the presumption that we 
are in the presence of a series of implements of human origin which have 
subsequently been gnawed by a field-mouse. 

Against this hypothesis a certain number of strong objections must 
be urged. The cuts are regular, and are not paired on each face as they 
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should be if made by the two central incisors of a gnawing animal. The 
marks are in the nature of fine cuts or deep scratches, and these are not 
compatible with the rounded section of a rodent’s teeth, and in this fact 
differ markedly from the porcupine and other specimens known. Again, 
the peculiar markings visible on parts of the faces of certain of the speci- 
mens have not yet been explained. They have the appearance of being 
the result of chemical action in the manner of etching. These markings, 
although very definitely confined to distinct areas on those flakes which 
bear them,* are of a different type altogether from the edge incisions, and 
while they may account for the appearance of those specimens showing 
a “milled” edge, they do not seem to have any relationship whatsoever 
with those cuts which simulate the edges of a millimetre ruler with such 
extreme regularity. 

There is also the question of chance. Leaving aside the fact that no 
flakes of human origin showing such marks are known from other sites, it 
is necessary to note that only humanly made artefacts from this site are so 
marked ; other material of like texture is devoid of the cuts. Against this 
it may be urged that the humanly shaped flakes offer a thin edge suitable 
for gnawing, and that this is not generally true of other stones, but this 
does not explain the field-mouse’s studied avoidance of implements from 
other sites. 

One further fact must be taken into consideration ; it seemed possible, 
at first sight, that these marks were due to the unequal weathering of 
laminae in the stone. - This, however, is absolutely precluded by the fact 
that the cuts lie at all angles to the laminae of the shale where these are 
visible. 

The evidence is thus strongly in favour of this being regarded as con- 
stituting a new and hitherto undescribed lithicultural technique, and of 
human origin. That the technique is in itself not entirely new is seen 
when we compare it with an almost identical technique in the Later Stone 
Age. Ina number of instances specimens of sea-shells of a nacreous type 
have been found, rounded to coin-like objects often pierced for suspension. 
The edges of these are usually bordered by small cuts of identical type. 
It is possible that we have here a nacre survival of the older stone technique, 
which has deteriorated from a usable saw-edge to an element of design. 


* See text-fig. and plates. 
+ See Goodwin and Lowe, op. cit., pl. xliii, 10. 
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2 
A series of flakes and implements showing the presence of scratches. The central specimen, that : 
immediately above it, that to its right, and the top right-hand specimen are drawn in the ah 
text-figure. 
Neill & Co, Lids 
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Trans. Roy. Soc. 8S. Afr., Vol. XTX. Plate IT. 


A series of flakes and implements showing scratches. Towards the top right-hand corner one 
specimen is mounted in clay to show an edge-view. 


Neill & Ltd. 
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A NEW VARIATION OF THE SMITHFIELD CULTURE 
FROM NATAL. 


By A. J. H. Goopwry, M.A., Senior Lecturer in Social Anthropology, 
University of Cape Town. 


(With 4 Text-figures.) 


During the last eighteen months I have been in frequent communication 
with two or three keen archaeological field workers of the Weenen district 
of Natal. Hitherto little has been done on the archaeology of this province, 
despite the fact that it promis »s a rich and interesting field. Our knowledge 
of its archaeology rests so far almost entirely upon a paper by Lebzelter 
and Bayer on the Archaeology of the Zululand Highveld (Annals Transvaal 
Museum, vol. xii, p. 3). Of the material which has been submitted to me 
by my correspondents, two or three sites show the presence of a new varia- 
tion of the Smithfield Industry, while another shows a technique hitherto 
unknown to archaeology. 

Some time ago one of these correspondents, Mr. H. P. Thomasset of 
Weenen, sent me a number of stone implements and drawings. They 
showed a peculiar series, all similar, and of a type best described by the 
term “strangled endscraper.” The specimens had been discovered by 
Mr. H. Glasse at Nkasini in the Weenen district ; they are all surface finds, 
and are said to be very typical of the region. Mr. Glasse’s illustrations 
consist of five pencil sketches of implements. One of these is of the 
“strangled endscraper”’ type, while all are deeply notched, and often 
doubly notched or “ strangled.” A specimen which he kindly allowed me 
to retain consists of an endscraper 80 mm. in length, the forward end 
steeply trimmed from the cleavage face. The butt shows a plain striking 
platform and is remarkable for its width, 62 mm. At the middle of either 
edge is a deep notch steeply worked and showing considerable usage, 
bringing the breadth of the flake down to 20 mm. at this point, while at 
the forward end the endscraper portion again widens to 32 mm. The flake 
is thick, reaching a maximum of 25 mm. The whole is very similar to 
fig. 2, a. 

During the later part of 1929 Mr. W. E. Jones of Mfongosi, Krantzkop, 
submitted a similar collection to me from a site known to him as T2, and 
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Fia. 1.—Fauresmith coup-de-poing from first patination group, and (6) point from second 
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Fic. 2.—Four implements from the second patinat 
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threw new light upon Mr. Glasse’s material which had hitherto been un- 
placeable. Mr. Jones’ material is now in the Ethnological Museum at the 
University of Cape Town (No. 29.7). 

Unfortunately the site from which this latter material comes has been 
ploughed up, and stratification is impossible to trace, if it ever existed. 
Mr. Jones writes: 


“ This site is a fairly large one and is on ploughed ground. The whole 
site, i.e. the ground upon which surface artefacts have been recovered, is 
about twenty acres in extent, and contains evidences of a thick population. 
Great numbers of whole and broken querns are to be seen. The grooving 
on these is sometimes found on both faces of the stone. These grinding 
stones are quite different from anything at present in use by the Zulus, 
nor have I been able to learn that this race knows anything about them. .. . 
The Kumbikulu River skirts the northern border of the patch until it 
joins the Amanziwayo; these rivers separate the two sites (T2 and N1). 
Both the pierced stone and the polished blade I sent you are from the 
centre of the site. There are many large flat mounds, which are possibly 
the flattened remains of immense white-ant heaps; on the other hand, 
the polished blade was picked up alongside one of these, and it occurs to 
me that possibly in so large an encampment some of these mounds may be 
burial tumuli.” 


The material he submitted shows a number of implements, all of which, 
except the “ blade ”’ and the perforated stone he refers to, are of a hardened 
shale. There are at least four patination groups represented. 

1. Of the first group only one specimen is present. It consists of a 
small coup-de-poing of Fauresmith type, 92 mm. in length. The shale 
had taken on a thick chocolate colour, having oxidised to a depth of perhaps 
5 mm.; this skin has since fallen away to reveal a dull olive green over 
most of the surface (fig. 1, a). 

2. The second group is represented by about a dozen specimens. These 
have all patinated a rich brown, not so deep in its effect as the oxidation 
of group 1. One specimen of this group has been chipped at a later date, 
and the patina of this sear shows it to be of a time comparable with group 3. 
Some of the objects are depicted in fig. 1, b and fig. 2. They consist of 
strangled flakes and strangled endscrapers, very similar to Mr. Glasse’s 
specimens, but associated with these are a point (fig. 1, b), and a normal 
endscraper very typical of Smithfield B (fig. 2, d). 

3. The third group is patinated less considerably than the second. 
The edges of fractures are left sharp, and the oxidation does not extend to 
any depth. The general size of the implements appears smaller, but 
apart from that no very definable difference is recognisable between this 
group and the second. The types represented are a series of two or three 
strangled endscrapers and flakes, a slug, two heavy high-backed side- 
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scrapers (see fig. 3), a small core, an endscraper, and a variety of flakes and 
rejects. Faceting of the butts is completely absent, the striking platform 
having been plain; the workmanship is again typical of that employed in 
the better-known phases of the Smithfield Industry. 

4. The fourth group is almost completely unpatinated, and the black 
shale surface is only slightly tinged with brown. A very fine discoidal 
fabricator, similar to Lowe’s Smithfield specimens from the Free State, is 
present. With this appear a series of deeply notched flakes, the encoche 
being either double and giving the strangled type, or single making a queer 
hook- or sickle-shaped scraper, the used edge being on the inside curve 
(fig. 4, b). In one instance three notches appear on one specimen, giving an 
effect very like fig. 3, a, but deeply indented in place of the endscraper 
portion, forming a crude Y. Endscrapers of the duckbill type are common 
and very typical; a rough circular scraper (similar in shape to many of 
Lowe’s Free State specimens) and a peculiar specimen of the concavo- 
convex type, but again with notch (fig. 4, d), make up the series. Here 
again the similarities between this and other groups do not justify any 
idea of change in type. The sizes in this group are wide enough in their 
variety to include both the preceding groups, 3 and 2, within their range. 

Apart from these flaked artefacts, two other objects are worthy of 
mention; one is the “ polished blade’ spoken of by Mr. Jones. It con- 
sists of a siliceous rock fragment 170 mm. X 40 mm. X 12 mm., looking 
in colour and texture like a Europzan flint. It is considerably water- or 
wind-worn, and has been used as a hammer or anvil at the one end, which 
comes to a rounded point. The other end is broken off. The second 
artefact is of greenish shale, oxidised brown, and evidently part of an orna- 
ment. It has two holes bored in it, from either face (fig. 4, ¢). 

It will be seen that a new element, typical of all three of these phases, 
has made a very definite appearance, namely, the strangled endscraper. 
Strangled flakes with the double encoche are rare in the Free State, but do 
exist.* In this new field, however, they are exceedingly common. This 
new element appears together with a hooked scraper of typical Smithfield 
technique, but of a type up till now unknown in the Smithfield Culture. 
The presence of these new factors and the consistent reappearance of these 
throughout the three patination groups of this industry fully justify the 
recognition of a new phase or type within the culture, which I propose to 
call Smithfield N, as the letter N is sufficiently non-committal to obviate 
any tendency to place this in the known time-sequence of the other three 
phases, A, B, and C, until further knowledge of their comparative chronology 
is forthcoming. In suggesting this new variation of the Smithfield, it 
would be of interest to compare it technologically with other phases of that 

* Goodwin and Lowe, Ann. 8. Afr. Mus., xxvii, pl. xxix, fig. 2. 
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Fic. 3.—Material from third patination group. a and 6, strangled endscrapers ; ¢, slug ; 
d, heavy side-scraper. 


4, 
(Wi; ™ = 
\ 
4 
2 SEG y 
LE 


hooked 


Fic. 4.—Material from fourth patination group. a, discoidal fabricator; 6, 
scraper; c, bored fragment ; d, concavo-convex type with encoche ; e, f, g, h, typical 
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Culture and with the Fauresmith. Writing of Fauresmith flake implements 
found on the farm Brakfontein, No. 231, Lowe,* says of a series of end and 
concavo-convex scrapers : 


“Had these implements not been found so definitely associated with 
Fauresmith material, it would, despite the unusually deep incrustation, 
have been the most natural thing to allocate them to Smithfield A. It 
is just such an occurrence, singular as it is, that inclines me to the belief 
that the earliest Smithfield arrivals came into contact with, if they did not 
evolve from, a Palaeanthropic type.” 


This belief is borne out in an interesting way by this Smithfield N 
variation. Here, as in the Free State, the Smithfield shows stronger affinities 
to the Fauresmith with its European La Micoque facies, than it does to 
the Lower Capsiau and Lower Aurignacian of the Mediterranean basin. 
In the Fauresmith paper in the same volume we stated that ‘‘ the hooked 
scrapers are very typical (of the Fauresmith), not appearing in any other 
industry.” They are now seen to be present in this new series, together 
with elements typical mainly of Smithfield A. Much of the material 
recalls phase B of the Smithfield series, but of the final stage, Smithfield C, 
little trace is visible, and the last phase here, judging the phases by patina- 
tion only, shows little actual change from the first. The bored-shale object, 
probably an ornament (fig. 4, c), being of a softer shale than the flaked 
implements, cannot be judged by its comparative patination, but it con- 
stitutes a strong link with the Smithfield of the Free State, and with a 
comparatively late phase, as no bored implements have hitherto been 
associated with any certainty with Smithfield A. 

It would appear probable that in the Smithfield N we have a series 
showing affinities to both Smithfield A and the Fauresmith, throughout its 
known history. This variation seems to have constituted a survival from 
the earliest Smithfield times, finding its way up, with little change, to a 
time comparable with the latest. 


* Op. cit., p. 167. 
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SOME GROUND AXES FROM RHODESIA AND THE 
TRANSVAAL. 


By A. J. H. Goopwin, M.A., Senior Lecturer in Anthropology, 
University of Cape Town. 


(With 3 Text-figures.) 


The term Neolithic is used in Europe to denote a period in which man 
made pottery, had a knowledge of the domestication of dogs and of other 
animals, or a knowledge of agriculture, when he definitely buried his dead 
with ceremony, built huts, and used stone implements which were ground 
to an edge rather than chipped. It is this last cultural invention of which 
we have the greatest knowledge in South Africa. Hitherto isolated speci- 
mens of stone implements showing the presence of ground edges have 
appeared. These have been of two classes, firstly, the typical “‘ bladed 
discs,” otherwise known as “ fountain-eyes”” or armlets,” described by 
Lowe * as belonging to the Smithfield Culture, and very definitely associated 
with it in a large number of cases. This type of blade is always too weak 
to have been of value as a chopping instrument, and may have had a 
purely ornamental use. The second type consists of more or less heavy 
stones, robust and ground to an edge, consisting of two convex faces meeting 
at an acute angle. Usually the surface of the stone is relatively untouched, 
save for the ground edge of 2 to 3 inches in width. A summary of our 
knowledge of this type of implement in Africa and a more detailed descrip- 
tion of a series of Neolithic types in South Africa have already appeared.t 
In that paper the following specimens were described :— 


Paradise Kloof. 

Vaal Krantz, Spitzkop. 
Peddie coast. 
Piquetberg. 


No further description of these is necessary, save to point out that 
M. l’ Abbé Breuil suggests that the Paradise Kloof specimen is not a “‘ Neo- 
lithic Axe” in any sense of the word. It is of an ochreous material, and 


* Goodwin and Lowe, Ann. S. Afr. Mus., vol. xxvii, pls. xxxiii and xxxix. 
t+ Goodwin and Lowe, op. cit., pp. 277-282. 
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Fic. 1.—1 and 2, Neolithic celts from farm Arden, 15 miles north-west of Salisbury. 
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Fic. 2.—3. Neolithic celt from farm Mackay, 23 miles north-west of Salisbury, S. Rhodesia. 
4. Neolithic celt from Avondale, Salisbury. 
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seems to have been a paint fragment which had been cut to shape for ease 
of use and for convenience ; the material would stand very little use as an 
axe or cutting implement. 

Rhodesia.—Amongst a considerable number of Stone Age specimens 
submitted to me by Mr. H. B. Maufe of the Southern Rhodesian Geological 
Survey, are four, or perhaps five, specimens very definitely of Neolithic 
technique. The specimens are disappointing in their associations ; nothing 
was submitted by the finders as having been discovered with them. In 
their form they are of very considerable interest, being of the typical South 
African Neolithic facies, stones showing polish only towards the working 
edge. 

Specimen | * consists of an axe of greenstone measuring 100 mm. in length, 
67 mm. in breadth, and 41 mm. in thickness (maximum in all cases). The 
stone, save for the ground portion, is roughly chipped into shape, and the 
edge has been damaged somewhat by usage. There are signs that the 
surface which has been ground was first pitted and crumbled to obviate 
preliminary grinding. 

Specimen 2 consists of a second axe of similar type, 104 mm. in length, 
70 mm. in breadth, by 34 mm. in thickness. The edge has been scarred by 
use but was semicircular, in contrast with specimen 1, which has only a 
relatively slight curve. 

Both these examples were found by Mr. J. M. Thomson and given by 
him to the Geological Survey. They are from a farm Arden, 15 miles 
north-west of Salisbury, Southern Rhodesia, and were found with a third 
artefact, of quartzitic sandstone. (Both the other specimens are of green- 
stone from the Rhodesian Basement Schists.) This latter specimen has 
much the shape of the other two, but shows no signs of grinding. One end 
has been pitted, as though by “ pounding,” the other is coarsely chipped 
as though by use. It is possible that this specimen constituted the hammer 
in the crumbling process visible in number 1. 

Specimen 3 is smaller, measuring 82 mm. at the greatest diameter 
and 58 mm. across, while the maximum thickness is 25 mm. The edge is 
short (39 mm.) and well formed, the hinder edge of the implement has 
been very crudely chipped, apparently at a date subsequent to the grinding 
of the edge. It would seem likely that this specimen was of a much more 
symmetrical shape when made, and that it was damaged in use. The 
edge, however, is clean and unchipped. The material is again greenstone 
of a type similar to the others. This specimen was also found by Mr. J. M. 
Thomson, and presented to the Rhodesian Geological Survey by him ; 
it is from the farm Mackay, 23 miles north-west of Salisbury. 

Specimen 4 is by far the most perfect of this series; the material is 

* The figure numbers agree with the specimen numbers. 
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the same, and the form probably gives us a good conception of what specimen 
3 must originally have resembled. The dimensions are 80 mm. by 
78 mm. by 28 mm. in thickness. The whole seems to have been of a horse- 
shoe shape, the mouth corresponding with the cutting edge (50 mm. across). 
The back is chipped, but only slightly, little damage having been done. 
The whole face, except where polishing has removed all sign, shows marks 
of pecking and abrasion. This axe was found by Mr. T. J. Gregory while 
opening up an ant-hill in a vlei on the farm Avondale, Salisbury. 

These implements actually double our knowledge of Neolithic elements 
from Rhodesia; prior to these only two or three specimens were known, 
and they have been described by the Rev. Neville Jones.* Unluckily our 
knowledge of the association of physical types of man or of other forms of 
stone implement is not helped at all. No associations were made, and 
Mr. Maufe was hindered by illness from visiting the sites himself with a 
view to dating the deposits by sequence or by fauna, ete. 

Transvaal.—Of the Neolithic axe in the Transvaal nothing has hitherto 
been published and only two specimens are known, but the one is of such 
remarkable interest that a more careful description of the site and material 
than I am able to give should be made. 

Specimen 5 (fig. 3) is a beautifully made axe with a hole through it for 
the purpose of hafting. It measures 77 mm. in length, 44 mm. at the 
greatest width (at right angles to the hole), and 43 mm. in thickness (parallel 
to the hole and behind it). The blade is 46 mm. in length and curved, 
consisting of two convex faces converging at an angle of perhaps 45°. The 
whole surface of the stone has been smoothed to an almost perfect sym- 
metry. Behind the hole the shape is that of a hemisphere, forming a 
pein-like end. At the hole the body tapers to the mouths, which measure 
22 mm. and 21 mm. respectively. The blade comes back to the lip of the 
hole on either side, with a slight keel-like prolongation of the cutting 
edge. 

The specimen was discovered by Miss F. Fouchie at a spring on the 
farm Modderfontein 642, between Potchefstroom and Ventersdorp, and 
given by her to H. 8. Harger, who has lent it to the Witwatersrand 
University. In association with this specimen was found a bored stone 
(“‘ !kwe ’’) of the usual type attributed to the makers of the Smithfield 
implements. 

Three points of interest are evoked by this discovery. The association 
is interesting, as it implies the presence of a true Neolithic influence in close 
association with a known culture. Secondly, the peculiar symmetry and 
careful manufacture of the implement, which differentiate very markedly 
between this and other specimens, seem to imply a knowledge of European 

* Stone Age in Rhodesia, Cambridge, p. 22. 
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Fic. 3.—5. Polished axe from farm Modderfontein, 642, Potchefstroom district, Transvaal. 
6. Another specimen from Potchefstroom district. (Both actual size.) 
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or native axes of metal, or may be an extremely interesting evolutionary 
step from the bored stone. The third point also implies European influence ; 
this is the inside surface of the bored hole. While the mouths of the hole 
show signs of having been pecked, the inner part is roughly tubular, and 
measures } inch across. Inside may be seen striations and marks circum- 
scribing the tube, of a type which might have been made by a }-inch steel 
bolt. It is of course possible that the hole was tampered with after its dis- 
covery, but the coloration of the stone (dark brown) does not imply this, 
as the marks are by no means fresh. The material of the implement has as 
yet not been identified, as the perfect shape and the interest of the specimen 
do not invite the drastic measures demanded by the geologist. 

Specimen 6 (fig. 3) consists of a peculiar specimen, found by H. 8. 
Harger in the Potchefstroom district, and also lent by him to the Wit- 
watersrand University. The artefact is cushion-shaped, roughly circular, 
and measures 77 mm. by 81 mm. by 28 mm. in thickness. The whole 
surface has been polished either by hand or by the action of wind or water. 
Pecking is visible here and there, implying that the work is that of man. 
Certain portions of the stone have been polished to form very definite 
edges, and the question which arises can only be as to whether this is a 
natural river pebble subsequently shaped by man; or whether the whole 
has been shaped for its purpose. The material of this specimen is also 
unidentified. 

These six specimens, especially number 1 from the Transvaal, con- 
stitute a real step forward in our knowledge of the presence of Neolithic 
forms in South Africa, a step which is of more interest in view of Professor 
Drennan’s remarkable discovery (described in this volume) of an axe of 
a similar type in association with a human skeleton and cultural elements 
of a known type. We may now take it, from our evidence, that the Neo- 
lithic elements are probably to be associated in some, if not all, cases with 
a type of man known physically as of “San Race,” a comprehensive and 
purely racial term including most of the peoples known culturally as 
Strandlopers, Bushmen, and Hottentots. On the other hand, and from 
our knowledge of other specimens, the Neolithic elements are fairly well 
associated with peoples bearing a Smithfield Culture. The only physical 
types so far associable with this culture are again of San Race, and it 
therefore seems probable that the cultural technique of grinding and 
polishing was taken over, either by cultural or physical assimilation, from 
Neolithic peoples to the North. The San Race we know to have been fairly 
well entrenched in Southern Africa for a period long previous to that attri- 
butable to these axes, and we do not yet know of any “ San ” types outside 
this area associable with a Neolithic culture. We may therefore presume 
from the evidence available that we are in the presence of a cultural element, 
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which has spread from the north without recognisably affecting the physical 
make up of the races already present. 


I wish to express my thanks to the Southern Rhodesian Geological 
Survey for their permission to publish the Rhodesian specimens; and 
also to the Department of Bantu Studies at the Witwatersrand University 
for permission to make use of the material in their collection. 
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A DOUBLE MYOGRAPH. 
By H. ZwarEnsTEIN and B. McManus. 


From the Department of Physiology, University of Cape Town. 


(With two Text-figures.) 


The instrument consists essentially of a metal framework carrying two 
levers so arranged that the writing-points are in a vertical plane 2-5 inches 
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apart. The long and short arms of lever No. 1 are attached to a narrow 
metal tube moving freely over a pivot-bearing, the two ends of which are 
firmly fixed to the uprights of the framework. Lever No. 2 is fixed to a a 
similar tube moving over the lower pivot-bearing. The short arms of the 
levers lie thus in two parallel vertical planes about 2 inches apart. The 
thread from lever No. 1 to the muscle on that side runs over an adjustable 
loose pulley. These and other details are represented in fig. 1. 
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The use of the instrument for the simultaneous recording of the con- 
tractions of the two gastrocnemei of a frog is illustrated in the following 
experiment. 

A frog is pithed and a longitudinal incision is made in the skin over each 
gastrocnemius. A thread is tied round each tendon, which is cut through 
and the muscle on each side pulled upwards and freed from the tibia as far 
as the knee-joint, avoiding injury to the blood-vessels to the lower limb. 
The skin is similarly incised on the posterior aspect of both thighs, the 
muscles pulled apart, and the sciatic nerve on each side freed from the 


Fia. 2. 


surrounding tissues. A ligature is passed round all the structures of one leg 
except the sciatic nerve and tied tightly just above the knee-joint. Pins 
are passed through the knee and ankle joints on each side, thus fixing the 
legs firmly to the cork slab. 

An electrode is placed under each nerve, and the two electrodes are 
coupled in parallel and connected through a short-circuiting key to the 
secondary coil. The threads from the tendons are fastened to the short arms 
of the levers. The primary circuit includes a metronome which breaks the 
current at any desired frequency. The contractions are recorded on a very 
slowly moving drum, and the rate of stimulation is so adjusted that a con- 
tinuous fatigue curve is obtained for each muscle. 

In fig. 2 the upper and lower tracings are records of the contractions of 
the gastrocnemei of the ligatured and normal limbs respectively, and show 
the effect on the development of fatigue of cutting off the blood-supply to 
a muscle. Both muscles were rested for periods of about 1 minute and 
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4 minute. The portion of the curves to the right shows the recovery after 
these rest periods. Time in five-second intervals. 

The early development of fatigue and contracture and the incomplete 
recovery after rest in the ligatured limb as opposed to the maintenance of 
the normal contractions, absence of contracture, and almost complete 
recovery in the limb with normal blood-supply are clearly and strikingly 
demonstrated. 


SumMaRY. 


1. A double myograph for the simultaneous recording of the contractions 
of two gastrocnemei in situ in the frog is described. 

2. An experiment on the effect of blood-supply on the development of 
fatigue, illustrating the use of the instrument, is described. 

We wish to thank Mr. A. Grey for the diagram in fig. 1. 
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SOME NOTES ON THE PHYSIOLOGY OF TELOSCHISTES 
FLAVICANS. 


By J. B. CurHpert. 
(Communicated by R. 8. Adamson.) 


(With Plate III and six Text-figures.) 


The physiological aspect of lichenology has up to the present not met 
with the attention that so interesting a subject deserves. Although lichens 
are not in many respects ideal subjects for physiological study, since their 
sluggish metabolism and slow growth-rate are apt to prolong unduly the 
course of experimentation, they have one redeeming feature, viz. their remark- 
able readiness towards variation under different environmental conditions. 

The following paper gives an account of some aspects of the physiology 
of Teloschistes flavicans. The single species Teloschistes flavicans was chosen 
as the subject of investigation mainly because its fruticose habit and general 
growth form render it suitable for experimental work ; but partly because 
of its characteristically maritime distribution. 

Teloschistes flavicans grows in massive tufted bunches varying in size 
from small clumps measuring only a few inches to large masses 12 or more 
inches across. 

The tufts range in colour from yellow, usually in sheltered spots, to the 
deep orange of the tufts under conditions exposed to full sunlight. Each 
tuft or clump consists of many more or less upright branching fronds, 
seldom more than 3 or 4 inches in length and anastomosing frequently. 
The uppermost ends of the fronds are finely branched. The individual 
fronds are more or less cylindrical or slightly flattened. 

The margin of a single frond seen in transverse section is frequently 
indented, due to short longitudinal furrows or grooves running along its 
outside. Where these grooves are oblique the frond often has a twisted 
appearance. Such surface irregularities are probably due to uneven growth 
of the cortical fungal hyphae. 

Teloschistes is nearly always found growing supported by the upper 
portions of bushes. The tuft of lichen usually projects little beyond the 
general surface of the bush. Occasional specimens of Teloschistes are 
found on dead wood and rock, but such specimens never attain any great 
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size. In the Cape Peninsula Teloschistes is almost invariably supported 
on one bush, viz. Asparagus capensis, which is common along the coasts. 
On the Peninsula the distribution of Teloschistes flavicans is rather limited 
and erratic. It is absent from the entire eastern coast up to within a few 
hundred yards of the extreme southernmost point, where it suddenly appears 
in great abundance, supported on Asparagus capensis. 

Along the first mile or two of the western coast from Cape Point, only 
occasional and very small tufts of Teloschistes occur, although Asparagus 
capensis is present in considerable quantity. At a point about 4 miles 
from Cape Point, however, Teloschistes suddenly reappears in large amount. 
At this point the coast consists of a low ridge of boulders about 50 feet 
distant from the sea, and about 20 feet above sea-level, extending into a 
flat and sandy shelf which soon gives place to a line of rocky hills. The 
ridge of boulders is densely covered with bushes of Asparagus capensis, and 
for about 200 yards along this ridge Teloschistes is found supported on the 
bushes in great quantity. Between the ridge and the sea there is no sand. 
Apart from these two patches mentioned I have nowhere in the Cape 
Peninsula seen Teloschistes flavicans in any abundance. 


Water Relations.—Lichens notably more than any other group of plants 
appear capable of withstanding periods of drought, hence an investigation 
of some of the problems of the water relations of Teloschistes seemed 
desirable. In its natural habitat Teloschistes flavicans has only two possible 
water supplies: (a) Water precipitated as such ; (b) Water vapour. There 
is no water-holding substrate which could yield a constant supply of water 
in a manner analogous with the soil in the case of rooted plants ; since the 
twiggy branches of the Asparagus on which the lichen is supported dry 
very rapidly after rain. 

A series of experiments was undertaken with the object of obtaining a 
tangible idea of the water-absorbing capacities of Teloschistes flavicans. 
An investigation was first made of the absorption of water as liquid. 

Portions of thallus of approximately equal size were taken from natural 
conditions and thoroughly dried in a steam oven. They were then weighed 
accurately and totally immersed in water until completely saturated ; 
and then reweighed. The results are tabulated below (p. 29). 

The percentage increase in dry weight after immersion in water there- 
fore is in the neighbourhood of 133 per cent. 

A brief investigation was next made into the mechanism of the absorp- 
tion of water into the thallus. The method used was that of Sievers * (Ueber 


* I was unable to gain access to any account of Sievers’ work, and had to make use 
of a brief summary of it given in Smith’s Lichens (Cambridge University Press, 1921). 
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die Wasserversorgung der Flechten. Wiss., Beil. 38 Jahresber. Ber. Landw. 
Schule, Marienberg, 52 pp., 1908 (Bot. Centralblad, cxiii, p. 22, 1910)), and 
consists in dipping fronds or portions of fronds into an aqueous dye such as 
aqieous eosin and cutting sections of them to determine the penetration 
of tie dye, after first drying the surface of the frond on blotting-paper. 


TABLE 1. 

Teloschistes flavicans. | f 

Absorption of water as liquid. 
Weight after Percentage increase 

Dry weight. immersion. on 

6-12 gr. 14-05 gr. 133-8 % 

3 5-39 ,, 12-70 ,, 135-6 ,, 
6-62 ,, 15-43 ,, 133-1 ,, 

5°95 ,, 13-90 ,, 133-6 ,, 


Portions of thallus were completely immersed in aqueous eosin with the 
exception of the cut end, which was maintained above the surface of the 
dye. The fronds were removed from the dye after the elapse of a suitable 
interval and dried between blotters, and sections of them were cut to observe 
the penetration of the’stain. It was found that the stain penetrated 
inwards into the frond with remarkable rapidity. It was further noted 
that the rate of this centripetal penetration is approximately the same from 
all points on the periphery of the frond. . 

A similar method was adopted to determine whether water can be con- 
ducted lengthwise up the frond of Teloschistes or not. Portions of fronds 
were inserted through the corks of small tubes containing aqueous eosin, 
the cut ends of the fronds just dipping into the dye. After a suitable period, 
the fronds were removed and dried on blotting-paper. Sections were cut 
to determine the penetration of the stain. It was found by means of trans- 
verse sections that in the portions of frond which had been immersed in the 
dye, the latter had penetrated through the entire area of the section. Sec- : 
tions taken immediately above the red mark indicating the position of the - 
Be dye on the outer surface of the frond showed the presence of no dye whatever. . 
ae It was found that when a frond was immersed in dye up to a definite mark, 
the dye creeps up the outside of the frond for a distance of 1 or 2 mm. 
beyond this mark. Transverse sections at this point were red in the cortical 
region and colourless in the medullary region ; indicating incomplete pene- a 
tration of the dye. 


| 
> 
ae” =o 


30 Transactions of the Royal Society of South Africa. 


Water reaching the surface of Teloschistes flavicans therefore penetrates 
inwards with extreme rapidity, but cannot be conducted up the frond. 

To determine to what extent the humidity of the surroundings influences 
the water-content of Teloschistes flavicans, portions of thallus were completely 
dried in a steam oven, weighed, and placed under a bell-jar and supported 
on a wire gauze over a dish of water. After a period of three days—experi- 
ence had shown that this time is ample for the establishment of equilibrium 
—the portions of thallus were removed and weighed. Results are tabulated 
below, the third column as before indicating the percentage increase on the 
dry weight of the thallus. 


TABLE 2. 


Teloschistes flavicans. 


Absorption of water vapour. 


Dry weight. 


Weight after exposure 
to saturated air. 


Percentage increase 
on dry weight. 


5-25 gr. 33-8 % 
11-75 ,, 16-02 ,, 36-3. ,, 
7-65 ,, 10-22 ,, 33-6 ,, 

10-81 39-3 


” 


Dried thallus therefore increases its weight by over 30 per cent. when 
allowed to reach a condition of equilibrium in an atmosphere saturated 
with water vapour. 

Other lichens treated in the same manner gave the following results :— 


25 per cent. increase on dry weight. 
30-33 per cent. increase on dry weight. 


Roccella hypomecha (Ach.) 
Usnea sp. 


Usnea and Roccelia are both fruticose lichens, but while in Usnea the 
fronds are comparable in slenderness with those of Teloschistes, in Roccella 
they are much more massive, exposing a smaller surface area for absorption 
for an equal dry weight. The figures given indicate only the total water 
content at equilibrium. In order to investigate the water-content through 
various stages of absorption, a simple direct-recording apparatus was 
devised. A light wooden pointer balanced on a knife-edge was fitted with 
an open scale-pan and a variable counterpoise—a small flask containing 
mercury and plugged with cotton-wool served this purpose. 

A light spiral spring was attached to the beam at a suitable distance 
behind the pivot. In order to vary the humidity of the air surrounding 
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the lichen, the scale-pan was made readily detachable from the beam so 
that it could be suspended in a bell-jar. Fluctuations in water-content 
of the thallus are recorded on the smoked drum by the pointer. 


Fic. 1.—Water-content. 


Fic. 2.—Water-content. 


In order to maintain conditions as constant as possible, the recording 
apparatus was kept in a dark room. Continuous hygrograph and ther- 
mograph records of the room atmosphere showed fluctuations of not more than 
2 per cent. and 1 per cent. respectively during the recording of the curves. 

A portion of completely dried Teloschistes thallus was placed in the 
scale-pan under the bell-jar in the recording apparatus. The air under the 
bell-jar was maintained at complete saturation by the inclusion of a dish of 
water under the jar. The apparatus was left for seventy-two hours. Fig. 1 
is a photograph of the curve which was recorded. This shows the gradual 
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slowing off of the rate of absorption of water of dried thallus left in air. 
The slowing off commences after the cessation of the first period of active 
absorption, which lasts from 2 to 3 hours. The final slowing off is very 
gradual. 

A piece of thallus from ordinary atmospheric conditions was then placed 
in the scale-pan under the bell-jar in an atmosphere saturated with water 
vapour until considerable increase in weight had taken place. The bell- 
jar was then removed, the rate of loss of weight being recorded on the 
smoked drum (fig. 2). On removal from saturated air, therefore, the thallus 
of Teloschistes flavicans loses water at an approximately uniform rate for 
about 4 hours, after which loss of water takes place more slowly, constant 
weight being attained in about 48 hours. 

Confirmation and amplification of the results shown in figs. 1 and 2 
was obtained by the method of successive weighings. A piece of thallus of 
Teloschistes flavicans of about 4 gr. weight was thoroughly dried in an oven, 
and weighed every half-hour over a period of 7 hours. During the intervals 
of weighing the thallus was left freely exposed to the air of the laboratory. 
For the sake of comparison this procedure was repeated with Roccella 
hypomecha (Ach.), Usnea sp., and with ordinary filter-paper. 


TABLE 3. 
Teloschistes flavicans. 


Absorption of water vapour. 


4-017 gr. 
30 m. 4-152 ,, 0-135 gr. 0-034 gr. 
30 ,, 4-255 ,, 0-238 ,, 0-059 ,, 
30 ,, 4-327 ,, 0-310 ,, 0-077 ,, 
5, 4-437 ,, 0-420 ,, 0-105 ,, 
30 ,, 4-487 ,, 0-470 ,, 0-117 ,, 
4-525 ,, 0-508 ,, 0-126 ,, 
120 ,, 4-564 ,, 0-547 ,, 0-136 ,, 
30 ,, 4-682 ,, 0-665 ,, 0-165 ,, 
30 ,, 4-705 ,, 0-668 ,, 0-171 ,, 
30.5; 4-716 ,, 0-699 ,, 0-174 ,, 
30 ,, 4-725 ,, 0-708 ,, 0-176 ,, 
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TABLE 4. 


q Roccella hypomecha (Ach.). 


Absorption of water vapour. 


es 30 m. 18-122 ,, 0-239 gr. 0-013 gr. 
30 ,, 18-275 ,, 0-392 ,, 0-022 ,, 
30 ,, 18-390 ,, 0-507 ,, 0-028 ,, 
18-580 ,, 0-697 ,, 0-039 ,, 
30 ,, 18-661 ,, 0-778 ,, 0-044 ,, 
30 ,, 18-728 ,, 0-845 ,, 0-047 ,, 
30 ,, 18-790 ,, 0-907 ,, 0-051 ,, 
115 ,, 19-017 ,, 0-064 ,, 
30 ,, 19-070 ,, iG? ,, 0-067 ,, 
30 ,, 19-092 ,, 1-209 ,, 0-068 ,, a 
30 ,, 19-317 ,, 1-234 ,, 0-069 ,, 
TABLE 5. 
Usnea sp. 
Absorption of water vapour. 
13-059 gr. 
30 m. 13-359 ,, 0-300 gr. 0-023 gr. 
60 ,, 13-628 ,, 0-569 ,, 0-044 ,, 
13-826 ,, 0-767 ,, 0-059 ,, 
45 ,, 13-895 ,, 0-836 ,, 0-064 ,, 
40 ,, 13-946 ,, 0-887 ,, 0-068 ,, 
60 ,, 14-012 ,, 0-953. ,, 0-073 ,, 
60 ,, 14-089 ,, 1-030 ,, 0-079 ,, 
60 ,, 14-169 ,, 100 0-085 ,, 
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TABLE 6. 
Filter Paper. 
Absorption of water vapour. 
Time. Weight of paper. 
5-002 gr. 
35 m. 5-171 ,, 0-169 gr. 0-034 gr. 
40 ,, 5-212 ,, 0-210 ,, 0-042 ,, 
30 ,, 5-232 ,, 0-230 ,, 0-046 ,, 
30 ,, 5-243 ,, 0-241 ,, 0-048 ,, 
45 ,, 5-255 ,, 0-253. ,, 0-051 ,, 
| ,, 0-252 ,, 0-050. ,, 
160 ,, 5-269 ,, 0-267 ,, 0-053 ,, 
25 5s, 5-275 ,, 0-273 ,, 0-055 ,, 
Fig. 3 was obtained by the method of successive weighings. The curves Pl 
show the rates of increase in weight of Teloschistes flavicans, Usnea sp., ie 
Roccella hypomecha (Ach.), and ie 
A filter paper on placing dried 5 
material of them in ordinary be 
atmospheric air; the increase % 
in weight being due to the water & 
absorbed from the air as vapour. Be 
It is apparent from fig. 3 and Pe 
the tables given that Telo- a 
schistes absorbs moisture with 
considerably greater rapidity 
i C than any of the other three. 
BS D Neither of the end points in the y 
three upper curves in this figure 3 : 
is indicative of the position of eo] 
equilibrium with saturated air. 3 
The results of these experi- F 
ments give a definite idea of the 4 
TIME ready manner in which the water =f 
Fic. 3.—Absorption of water vapour. A, Telo- content of Teloschistes flavicans is 
schistes flavicans ; B, Usnea sp.; C, Roccella with sdlation to that of 


hypomecha (Ach.) ; D, filter paper. 
its surroundings. The rapidity 


with which water is absorbed through the entire surface of the thallus 
is indeed remarkable. 
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Parietin.—One of the most remarkable and consistent characters of 

¢ Teloschistes flavicans, and one which is made use of in distinguishing it e 
from neighbouring genera, is its bright orange colour due to the presence of | 
the “lichen acid” parietin. Parietin occurs chiefly in the family Telo- 
schistaceae. It is present in various species of Xanthoria and Placodium 
and in Teloschistes flavicans. Preliminary observations of the localisation 
of parietin in Teloschistes flavicans were made in the field. It was noticed 
that the most vigorous tufts of lichen, and those of the deepest orange colour, 
are invariably in situations fully exposed to sunlight. Specimens of Telo- 
schistes growing in positions shaded from direct sunlight by bushes or rocks 
are of a pale orange-yellow colour, their fronds are lax and feeble-looking 
and are never densely massed together, in strong contrast to the large, 
brilliant orange-coloured dense clumps of sturdy fronds of specimens fully 
exposed to the sun. The inner portions of any clump of the lichen are of 
the very pale orange colour characteristic of plants which are strongly 
shaded by rocks and bushes. It was also noticed that the apices of the 
fronds are usually of a very deep orange colour. 

With the object of determining the localisation of the parietin in the 
individual frond, hand sections of fronds of Teloschistes flavicans were cut 
with a dry razor and examined in a solution of caustic potash. In every 
case, without exception in a large number of sections, the red reaction was 
restricted to the outer rind of the frond. Samples were taken from thalli 
of various ages, including some with very few algal cells, and all gave the 
same result. It was found that the fine ultimate branchlets of the fronds, 
which contain no algae, have their parietin in a similar position. 

Fig. 4 is a diagrammatic sketch of a transverse section of a frond of Telo- 
schistes flavicans treated with caustic potash. The shaded marginal portion 
indicates the distribution of the parietin. 

Very young thalli which appeared as small thread-like bodies, less than 
2 mm. long, which had been growing quite independently of other thalli on 
a dry twig of Asparagus capensis, were mounted in water and carefully 
crushed by pressure on the cover-glass. Minute examination revealed the 
fact that these young thalli contain no algal cells whatever. Caustic potash 
solution was then introduced at the edge of the coverslip, and the thalli 
immediately gave a vigorous red reaction, showing the presence of parietin. 
Here, then, is an example of the production of parietin without the presence 
of any algal cells. 

Tobler (Deutsch. Bot. Ges., xxvii, 1909) maintains that parietin is the 
result of the combined action of alga and fungus, each producing products 
which react to form the parietin. Smith (“ Lichens,” Cambridge, 1921) 
in confirmation of this view states: “A depauperate form of Placodium 
citrinum, consisting mainly of a hypothallus of felted hyphae with minute 
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scattered granules containing algae, was tested with potash, and only the 
hyphae immediately covering the algal granules took the stain; the hypo- 
thallus gave no reaction.” The results obtained with Teloschistes flavicans 
are directly opposed to this. In this plant 

(a) Parietin is invariably peripherally located in the frond. 

(b) Parietin is present in very young thalli containing no algal cells. 


Fic. 4.—Map showing the peripheral localisation of parietin. Algal groups outlined. 


It has been stated previously that parietin is produced in the largest 
quantity in fronds fully exposed to sunlight. 

Portions of the thallus of Teloschistes were kept in a dark room for over 
three months, control portions being kept in daylight. At the end of this 
period, the portions which had been kept in darkness showed no perceptible 
diminution or increase of their parietin content, although both the gonidia 


and the hyphae appeared perfectly healthy. 
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Weathering —On making a general survey of the numerous tufted 
bunches of Teloschistes flavicans at a locality on the coast a few miles west 
of Cape Point, it was observed that all the bunches were not of the normal 
type. Certain of the tufts—usually those in the most exposed positions— 
were characterised by having on their seaward side a peculiar weather- 
beaten appearance. 

The fronds are thicker and shorter than is normal, and have a stunted 
appearance. They are conspicuously lacking in fine branchlets. The bright 
orange of fronds of the more usual type gives place to a dingy greenish- 
brown colour; often in extreme cases speckled with white. Such tufts of 
Teloschistes in exposed situations near the sea present a remarkable and 
unique appearance, with their landward half perfectly normal, and the 
seaward half stunted and distorted as described above. 

This “‘ weathering,” as it will hereafter be called for the sake of brevity, 
was deemed of sufficient interest to merit investigation. 

Examination showed that “ weathering” of the fronds is not simply 
abrasion by wind-blown sand, as was first suspected : this observation being 
confirmed by the absence of sand between the lichen community and the 
sea. The possibility of deposited salts being responsible was therefore 
investigated. 

A vertical slice about 1 inch wide was then cut from the middle of a 
tuft of Teloschistes flavicans showing weathering on its southern aspect, 
the slice being cut across the entire width of the tuft from north to south. 
The slice was then divided into three portions in a series starting from the 
weathered side. Each portion was thoroughly washed with several washings 
of distilled water, the washings being filtered into weighed basins, the contents 
of which were evaporated to dryness over a water-bath and the basins re- 
weighed. The corresponding portions of thallus were dried and weighed. 


TABLE 7. 
Teloschistes flavicans. 


Salt gradient. 


Weight of water-sol. 
Specimen. ig reel. Dry weight. material per 100 gr. 
dry weight. 
Weathered . ‘ 0-0725 gr. 1-3380 gr. 5-419 gr. 
Middle 0-0485 ,, 1-2390 ,, 3-914 ,, 
Unweathered 0-0075 ,, 0-8665 ,, 0-866 ,, 
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These figures show that there is a very marked gradient of water-soluble 
material across the external surface of the fronds of a tuft of Teloschistes 
which is weathered on one side. The gradient corresponds to the degree 
of exposure to wind-driven salt spray from the sea. Analysis showed that 
this saline material is derived from sea-water. An exactly similar gradient 
was produced in a tuft which was sprayed artificially. 

A tuft of Teloschistes was thoroughly washed and allowed to dry, a 
concentrated solution of common salt was then sprayed across it in a fine 
mist by means of a powerful garden spray. The thallus was allowed to dry, 
and the above described procedure tor the determination of a salt gradient 
repeated. Results are tabulated below. 


TABLE 8. 
Teloschistes flavicans. 


Artificial salt gradient. 


Weight of water-sol. Weight of watee-scl. 
Specimen. aaiautil Dry weight. material per 100 gr. 
of dry weight. 
Exposed. ‘ 0-4410 gr. 1-4420 gr. 30-6 gr. 
Unexposed . 0-0385_,, ,, 43 ,, 
| 


This evidence leads to the conclusion that the gradient of saline material 
across a tuft of weathered thallus of Teloschistes is due to a deposition of 
salt on the fronds from wind-carried sea-spray. The growth-form of 
Teloschistes flavicans renders it an eminently suitable mechanism for the 
condensation of wind-driven salt spray. Owing to the close juxtaposition 
of the more or less upright fronds, the greatest amount of salt is precipitated 
on that side of the tuft exposed to the sea winds; hence the gradient. 

The fact that the artificially produced salt gradient is “ steeper” than 
that produced by sea-spray under natural conditions is due to two facts. 

(a) The concentration of the salt solution used to produce the artificial 
gradient was considerably higher than that of sea-water. 

(b) The naturally produced gradient is the result of very prolonged 
exposure to the action of sea-spray, 7.e. a dilute solution of salt acting over 
a long time tends to produce a “ flatter” gradient than a strong solution 
acting over a short time. 

Further comparison of “ weathered” and 


‘unweathered ” fronds 


showed that the latter were invariably of a more brilliant orange colour 
than the former. A difference in the amount of parietin in the two types of 
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thallus was suspected. Rough determinations of the parietin-content were 
made as follows :— 

The three portions of thallus from the salt gradient determination were 
completely dried in an oven and ground up separately in a mortar. Equal 
and very small amounts of the ground material from each of the three por- 
tions of thallus were thoroughly extracted with the same volume of ether 
in three tubes. 

Since the determination of the amounts of parietin was to be a colori- 
metric one, it was necessary to separate the parietin from the chlorophyll 
which the ether had extracted from the gonidial cells. On this account, it 
was decided to utilise the red “‘ potash-parietin ’’ colour as an index of the 
quantity of parietin. 

An equal excess of caustic potash was added to each of the three tubes. 
An ethereal solution of chlorophyll rises to the top, leaving the red layer of 
the “ potash-parietin”’ below. Comparison of the tubes showed that the 
red caustic solutions exhibited a descending series from unweathered to 
weathered, while the chlorophyll solutions were in a series in the opposite 
direction. These facts were of sufficient interest to provoke further investi- 
gation of a more accurate nature. 

In order to obtain numerical values for the parietin gradient, a set of 
graded colour standards was utilised. Unfortunately the red potash pro- 
duced by treating a solution of parietin with potash is unstable, precipitating 
dark purple-coloured needles after a time. This solution therefore could 
not be used in the making of colour standards. A mixture of diluted 
aqueous eosin and methyl violet was found, on correctly adjusting the 
proportions to give a colour identical with the red ‘ potash-parietin ” re- 
action. An accurate series of colour standards was obtained by successive 
dilution of the mixture. A numerical value was assigned to each tube 
according to its depth of colour; a purely arbitrary value being given to 
one of the tubes, and the values for the other tubes being derived from it. 
A series of chlorophyll colour standards was made in like manner by dilution 
of an alcoholic solution of chlorophyll. 

A large tuft of Teloschistes showing conspicuous weathering on one side 
was selected. A vertical slice about 2 inches wide was cut at right angles to 
the plane of weathering from the central portion of the tuft. To insure 
against errors due to screening, which might occur if the pale-coloured 
innermost fronds of the tuft were used for experiment, only the uppermost 
layer of the slice, about 2 inches deep, was made use of. The slice was next 
divided into six portions, forming a sequence from the weathered to the un- 
weathered side of the tuft. Each of the six portions was thoroughly pulver- 
ised, and shaken up with an excess of distilled water and filtered ; the residues 
being again washed with distilled water, dried, and kept in separate vessels. 
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Equal and small portions (less than 0-2 gr.) of each of the pulverised 
dry residues were extracted with 5 c.c. of ether, and the clear liquid decanted. 
A further 2 c.c. of ether was added to each of the residues, and decanted after 
thorough shaking into the 5 ¢.c. One c.c. was then added to each residue, 
and since the liquid remained colourless, it was assumed that the extraction 
was complete. Equal quantities (excess) of strong potash solution were 
added to the six tubes. After shaking, comparison of both the green upper 
layer and the red lower one was made with the corresponding set of colour 
standards. By this means each of the six portions of thallus was allocated 
numerical values for both its pazietin and chlorophyll contents. The 
results are tabulated below. 


TABLE 9. 
Teloschistes flavicans. 


Parietin gradient. 


No. Description. Parietin reaction. 
1 Weathered 1-2 
2 1:8 
4 | 4-2 
5 7:8 
6 Unweathered 8-1 
TABLE 10. 


Teloschistes flavicans. 


Chlorophyll gradient. 


No. ' Description. Parietin reaction. 
1 Weathered 1-2 
2 0-7 
3 to 0-7 
4 | 0-5 
5 1 0-5 
6 Unweathered 0-3 


In a tuft of Teloschistes flavicans which is ‘‘ weathered ” on one side, 
there are therefore three distinct series of gradients : 
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(a) A decreasing gradient of salt—on the outside of the frond—from 
weathered to unweathered. 

(b) A similar gradient of chlorophyll. 

(c) A gradient of parietin in the opposite direction. 


Comparison of the results in Tables 7 and 9 showed that the gradients of 
salt and parietin are opposite. 

Fig. 5 was obtained by plotting the figures given in Tables 7 and 9 after 
first reducing them to the same units. 

These facts suggest that the salt is a fundamental factor in initiating 
the parietin gradient. To test this an ethereal solution of parietin was 
treated with caustic potash and shaken: the red solution was run off and 
divided into two por- 
tions. To one portion 
was added some concen- 
trated common salt solu- 
tion, to the other was 
added an equal amount 
of distilled water. In 
the former solution a red 
precipitate was thrown 
down, leaving the super- : 
natant liquid colourless ; WEATHERED UNWEATHERED 
the latter did not pre- Fic. 5. 
cipitate. 

Some of the weathered thallus was then ground up with caustic potash 
in a mortar, and the clear red solution decanted off into a tube. In a short 
time a red precipitate settled. This procedure was repeated with normal 
unweathered thallus, but no precipitate was formed, the solution remaining 
clear and red. 

Further, an ethereal extract of parietin was divided into two equal por- 
tions; one of them was treated with common salt solution. After a time 
the tubes were compared, the untreated ether extract was perceptibly 
deeper in colour than the ether layer in the other tube. 

A portion of unweathered thallus was kept submerged in a solution of 
common salt for about a week. After that time its original bright orange 
colour had given place to a dingy colour nearer that of weathered material. 

These results support the view that sodium chloride exercises a destruc- 
tive effect on parietin. It has already been shown that salt, from wind- 
driven sea-spray, is deposited through the thallus in a gradient. It is in all 
probability the destructive action of this salt on the parietin in the fronds 
that is the cause of the gradient of parietin across the thallus tufts in the 
opposite direction to the salt gradient. 
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The colorimetric method previously described showed the presence of 
a decreasing gradient of chlorophyll content across tufts of Teloschistes from 
the weathered to the unweathered side. Table 10 and fig. 5. 

A large number of transverse sections of single fronds of weathered and 
unweathered thalli were cut. In each case the total area of the section, 
and the area occupied by the gonidial cells alone, was measured. This was 
done by making large camera-lucida drawings of the sections on paper, 
and cutting out and weighing the area occupied by the entire section, and 
then weighing the area corresponding to the gonidial cells. On expressing 
the algal area (weight) as a percentage of the total area (weight) for each 
section, and averaging, it was found that in weathered thalli the gonidia 
occupy 21 per cent. of the area of a transverse section of a frond, while for 
unweathered fronds the value is only 17 per cent. 

There is thus an increase in the quantity of chlorophyll from the 
unweathered to the weathered side of a tuft and also an increase in the 
number of gonidial cells, but whether there is an independent increase in 
the amount of chlorophyll per algal cell is at present unknown. 

The evidence at present available is not sufficient to permit of any 
definite conclusions as to the chlorophyll gradient. Further research is 
required before it can be satisfactorily explained. 


Internal Crystalline Deposits.—In many of the sections of the fronds of 
Teloschistes flavicans which had been cut up to this point, abundant crys- 
talline deposits inside the frond had been noticed. Some work was conse- 
quently carried out to determine the nature and occurrence of these deposits. 
By cutting large numbers of sections, the following facts were ascertained. 
In normal, 7.e. unweathered, fronds the crystalline deposit is located princi- 
pally around the clumps of gonidia. In Teloschistes flavicans the gonidia 
occur in irregular clumps, forming an interrupted ring between the cortex 
and the medulla of the frond—mainly on their inside. The amount of the 
deposit is usually not very great. In weathered fronds there is a con- 
siderably larger crystalline deposit, forming a dense white core to the frond, 
broken at irregular intervals, but running more or less continuously up the 
medulla of the frond. 

Microchemical tests show that these crystals are calcium oxalate. In 
unweathered thalli the maximum amount of calcium oxalate occurs in the 
older portions of the fronds, there is none at all in the extreme tips. In 
weathered thalli, the distribution of calcium oxalate is much more even 
along the length of the frond. Fig. 6 is a drawing of a transverse section 
of a weathered frond ; note the “ core’ of massive crystals of calcium oxalate 
in the medulla. 
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It has been mentioned previously that in certain very much weathered 
portions of thallus of Teloschistes, the fronds were speckled with white ; 
this appearance is usually found only in old tufts. These white specks are 
actually exposures of the calcium oxalate ‘“core.’”” The exposure may be 


Fic. 6.—Transverse section of ‘* weathered ” frond with “ core ’’ of calcium oxalate. 


brought about in several ways. Mechanical injury to the frond by breaking 
off its tip exposes the white calcium oxalate deposit. Shrivelling up of the 
cortex or merely splitting of the outer rind in cases where the “ core ” of 
calcium oxalate is not centrally located, or the decay of small branchlets, 
similarly assist in causing the white speckling in the older parts of a frond. 
In the latter case a small white speck marks the site of the emergence of the 
withered branch from the parent frond. 
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SuMMARY. 
Water Relations. 


1. The water content of Teloschistes flavicans varies in relation to that 
of its surroundings. Dried thalli increase in weight by approximately 36 
per cent. and 134 per cent. respectively when allowed to reach a condition 
of equilibrium with (a) water-saturated air and (b) water. 

2. Curves showing the rate of absorption (and loss) of water-vapour are 
given. Curves for Usnea (sp.), Roccella hypomecha (Ach.), and filter paper are 
given for comparison. 


Parietin. 


1. Parietin is invariably peripherally located in the fronds of Telo- 
schistes flavicans. 
2. Parietin can be produced without the presence of algal cells. 


“ Weathering.” 


1. The weathered appearance of tufts of Teloschistes flavicans is caused 
by a deposition of wind-carried sea-spray on the fronds. 

2. The salt gradient causes a gradient of parietin in the opposite direction 
across the tufts of Teloschistes flavicans. 

3. A large deposition of calcium oxalate, internal in origin, assists in 
giving the characteristic weathered appearance to the fronds. 


I take this opportunity of thanking Professor R. 8. Adamson for his 
advice and guidance, and for the interest he has shown in this work. My 
thanks are also due to Mr. 8. Garside for naming the material. 


EXPLANATION OF PLATE-FIGURES. 
Fig. 
7. General view of habitat, shéwing ridge of boulders. 
8. Nearer view of the same. 
9. Photograph showing Teloschistes flavicans in situ; note ‘“* weathering’ 
facing the camera. 
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Plate III. 
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A GROUND STONE-AXE FROM A CAPE ROCK-SHELTER. 
By Professor M. R. DRENNAN. 
(With Plate IV.) 


The abundance in South Africa of stone implements resembling all the 
European palaeolithic forms is in striking contrast to the meagreness of the 
evidence there for a neolithic type of workmanship. At the present moment 
all there is to substantiate an industrial phase corresponding to that of the 
New Stone Age of Europe is the presence of pottery, pestles and mortars, 
and an attempt at the polishing technique in a few stone implements in the 
Upper Smithfield, Wilton, and Kitchen-midden industries (1); together 
with two polished stone-axes unassociated with any of the recognised South 
African cultures (2). Yet evidence that the technique of grinding and 
polishing stones was known in South Africa is accumulating (3), so that it 
seems desirable to put on record the finding of a ground stone-axe (celt) in 
a well-defined cultural horizon. 

Early this year the author, with the kind assistance of Mr. G. M‘Manus 
and Mr. H. B. Anthony, undertook the excavation of a small rock-shelter 
at Witsands, on the Atlantic side of the Cape Peninsula. The main shelter, 
which to judge from the extent of the shell-midden in front of it had been 
occupied for a considerable period by Strandlopers, had already been 
excavated by the South African Museum, and had yielded quite a rich 
collection of kitchen-midden culture, in the shape of “ bone arrow-heads, 
bone awls, bone tubes, ostrich egg-shell beads, a nacre disc, and bone 
spatulae. Pottery and rough flakes of midden types are associated ”’ (4). 

The main shelter is situated 250 feet above sea-level, and the little one 
to which we devoted our attention is situated a few feet below and to the 
south of it. The dimensions of this smaller shelter are 6 feet in width ; 
10 feet from front to back, with a narrow tunnel extending further into the 
rock ; and about 4 feet high from ceiling to bed-rock floor. 

When we commenced work we could only crawl into the cave, and the 
floor seemed to have been slightly disturbed. We began by driving a 
trench through the entrance barricade, and continued this right into the 
cave. Coarse material was sifted through a }-inch sieve, and the finer 
matter through a }-inch screen. The depth of the deposit on the floor was 
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from 1} to 2 feet, the upper half of this being full of shells, the lower half 
being almost purely a dark sooty loam with a number of coarse quartzitic 
stones and implements deeply embedded in it. 

The implements retrieved were practically all of the type usually met 
with in kitchen-middens, and resembled those found nezt door in the larger 
cave. Thus there were rough choppers, cores, and coarse flakes of Table 
Mountain quartzite ; bone spatulae or strigils; potsherds, one piece with 
a perforated ear; and a piece of soft red sandstone grooved for bone or 
bead-work ; but no beads, and no microlithic implements. This absence 
of the characteristic pigmies of the Wilton culture in this and in the larger 
cave, and the finding of the implement presently to be described, support 
Mr. Burkitt’s plea for a separate industrial grouping for these Kitchen- 
midden folk (5). 

An upper canine, an upper human molar tooth, and the shaft of a 
human femur were also found. The teeth showed the usual extreme 
attrition of the Strandloper’s teeth, the crowns being worn down almost 
to the roots, and the femur shaft was gnawed at both ends, but sufficient 
anatomical characters were presented by these relics to show that they 
must have belonged to a Strandloper Bushman. 

The most important archaeological find was a ground stone-axe or celt 
(see Plate IV), and there was a large, flat, oblong slab, 30-5 cm. by 18 em. by 
7-5 em. (12"*7” x3”), with a wide shallow groove on both sides of it on 
which the grinding might have been done. This incidentally suggests 
another use for these very plentiful grooved stones. 

Professor Andrew Young, D.Sc., has kindly made a geological examina- 
tion of the stone-axe, and he reports as follows: “‘ The rock from which 
this stone-axe has been shaped, as far as a naked-eye inspection shows, 
may be said to resemble closely some of the finer grained material of the 
Malmesbury slate series taken from the vicinity of a contact between the 
intrusive granite and slate, such as occurs in the northern end of the Cape 
Peninsula. 

** A small chip was detached and ground to a thin section for microscopic 
examination. This showed the rock to be a variety of contact altered slate 
or hornfels with which we are very familiar in the Cape Town vicinity. 

“No outcrop of this rock is known to occur in the neighbourhood of 
Witsands, and a search of the pebbles on the adjacent beach failed to 
disclose any slate pebbles or boulders. In the main cave I picked up several 
angular, unworked pieces of the altered slate, however, and I can hardly 
doubt that the material has been carried to the cave from the north end of 
the Cape Peninsula, a distance of about 20 miles.” 

This is similar material to that used for making the specimen from 
Piquetberg, now in the Museum of the Zoology department of the University 
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of Stellenbosch (2), although in other respects the two implements do not 
resemble each other. 

The maximum antero-posterior dimension of this Witsands specimen is 
76 mm. (3 inches) ; the diameter from head to edge is 81 mm. (3} inches) ; 
and its thickness is 21 mm. (? inch). The area that is ground is more 
extensive on one side than on the other, extending 2 inches from the edge 
on one side, and only half an inch on the other side. In this respect it 
resembles the other South African axes and the true Australian implement, 
in which latter also the polishing never covers the whole surface (6), as it 
so often does elsewhere. The edge of the Witsands implement is usefully 
sharp and somewhat sinuous, and it extends for about 2} inches. The 
sectional contour of the blade is somewhat plano-convex. 

This implement has undoubtedly been hafted, which is in keeping with 
the evidence we already have that the Strandloper fixed wooden handles 
on certain of his stone implements (7). Although one can only guess at the 
method of hafting employed in this case, it was probably done in the manner 
practised by the Australian aboriginals, for these people use identical axes 
at the present time. For this purpose there is a polished groove at the 
front edge of this axe, and in the case of the Australian implement with a 
single groove, we know that it is hafted by bending a withy of wood round 
the groove and tying the two halves of the handle together with string 
often made of human hair. The head and part of the blade is afterwards 
encased in wax or resin to fix it more firmly to the handle. 

It is interesting to note that the groove on this Witsands specimen 
looks as if it had been made by first pecking and then rounding off the notch 
by rubbing. The perforated !kwé (bored stone) was made by alternate 
pecking and drilling, and this unique pecking technique was employed in 
making the blades of the Peddie and Piquetberg axes. There is no sign 
of pecking on the blade of this specimen, although it might have been used 
and all traces of it obliterated by the polishing. 

The importance of this find lies in the fact that it is the first polished 
stone-axe to be found in South Africa definitely associated with a well- 
recognised culture, namely that of the Kitchen-midden. It thus proves 
that a knowledge of the highly important art of polishing stone had spread 
to the cave-dwellers in one of the most southerly points of Africa. It also 
augments the scanty evidence we already have that the Strandloper knew 
how to haft his implements. 

The certainty that this and one or two of the other South African stone- 
axes have been made from local rocks should dispel for all time the idea, 
already dallied with too long, that these celt-like implements are alien to 
South Africa. 
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THE LIFE AND WORK OF ANDREAS VESALIUS. 
By HerMANN BoeRHAAVE AND BERNHARD SIEGFRIED ALBINUS. 


Translated from the Latin by Benzamin FARRINGTON. 


Norte. 


In the year 1725 Boerhaave and Albinus edited their monumental 
edition in two volumes of the anatomical and surgical works of Vesalius. 
The title-page runs as follows :— 


Andreae Vesalii 
Invictissimi Caroli V Imperatoris Medici 
Opera Omnia 

Anatomica 
& 

Chirurgica 

cura 
Hermanni Boerhaave 
Medicinae, Botanices, Collegii Practici, & Chemiae in Academia 
Lugduno-Batava Professoris 
& 
Bernhardi Siegfried Albini 
Anatomes & Chirurgiae in eadem Academia Professoris 


Lugduni Batavorum 


MDCCXXYV. 


The pages that follow offer an English version of the Latin Preface of the 
two editors. The Preface is in itself of importance for the history of medi- 
cine, and is famous as a succinct, lively, and reliable account of the founder 
of modern anatomy. It is offered here as a prelude to translations from 
the writings of Vesalius himself. B. F. 
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PREFACE 


containing also the Life of the Author. 


The Editors to the Reader. 


It is most certain that Medicine, which has for its care the health of 
the human body, is by nothing more happily advanced than by the perfection 
of our knowledge of the parts that compose the body. Wherefore also 
Anatomy is held to be the first part of this whole discipline. That it should 
be cultivated with the utmost zeal, the best counsellors of old, the Egyptian 
doctors, recommended ; and they had as their followers in this opinion 
the Greeks, who are with full justice to be called also their disciples. 

Among the former, indeed, so highly was this art esteemed that the 
very kings of that wise race, for they also took an interest in medicine, are 
said to have practised dissection, with a view to discovering the causes of 
diseases. And among them that penetrating intellect, Manetho, records 
(as we find in Eusebius) that Athostis practised medicine and composed 
books on anatomy. Who then can be surprised that Hippocrates, than 
whom no other was ever better equipped for the profession of healing, 
affords everywhere striking examples of this knowledge? So no doubt 
the Egyptians whom he had for masters, and the teaching of his own race, 
had prescribed. Study his surgical writings with attention, examine even 
his other works, the most conspicuous proofs of his accomplished skill in 
this department will meet your eyes. Not to go at length into other 
innumerable examples, a single description of pleurisy through its various 
phases undoubtedly reveals his industry in dissecting bodies in order to 
investigate diseases. 

And afterwards in the Alexandrian school how feverish was the cult of 
anatomy. Herophilus alone there is related with his own hand to have 
dissected three hundred bodies, nay he is even said to have taken men with 
the breath still in them and opened up their living bodies. And he has 
described how the vessels that drain the chyle from the intestines do not 
lead to the portal vein, but to certain glands situated in the middle of the 
mesentery. Another, Erasistratus, is adorned with equal praise. Would 
that discoveries won with such great toil still shed their illumination upon 
our age! but, alas, save for the fragments which Galen has transcribed for 
us from one place or another, all are gone. Galen indeed has left us 
a complete corpus of the whole of anatomy; but this, it must be 
understood, contains not his own discoveries, but information derived from 
his teachers, and in particular from the ancients, which he has arranged 
and handed on. Nevertheless he has conferred upon posterity a service 
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of which the glory will never die, by the mere fact that he commended 
anatomy above all other things for the practice of medicine, and himself 
employed it with success, and left behind him the monuments of the ancients 
preserved for posterity. 

After his time nothing worthy of mention was achieved in this art ; the 
best men sought their highest praise in copying Galen. There was even at 
that time a general opinion that the true structure of the human body 
was known, if what Galen had said about it was grasped by the mind. 
Nature herself was believed to have relied solely on the hand of this master 
in order to express herself, and never at any time to have paid with words 
her trusted and consecrated spokesman. How apt the minds of all men 
are to decline from the burdensome labour of research into the craving to 
believe! No longer, then, did the medical profession use their hands to dis- 
cover, their eyes to examine, their patience to learn, their accuracy to 
describe ; but casting aside the tedious and slow toil of laborious investiga- 
tion, relying on credulity alone, they took for true the structure and functions 
of the body as they understood them in their studies from the books of 
Galen. Neither did the Arabs thereafter contribute anything new, although 
they applied subtle intellects and wonderful devotion to the art ; for they too 
took oath of allegiance to Galen, and did not even aspire to wisdom beyond 
his. Thus from the age of Galen right up to Mondino there was mere 
repetition of the same doctrine, and almost nothing was added to the art 
which could clearly be seen to be new, or was of any importance. 

Italy then first won renown, in that it was she who began with con- 
spicuous industry to bring to light the ancient monuments of the noble art, 
to employ with the happiest results new instruments of further progress, 
and by both means to set up true knowledge again. For as the penetrating 
intellect of that witty people first bid the literatures of Rome and Greece, 
overwhelmed by barbarism, come forth to the enjoyment of a new life, and 
imparted them to the whole of Europe ; so did it bring again to life from 
their long darkness liberal sciences couched in a pure idiom, and set them 
in the light. We who follow truth alone give this glory to Italy. 

It was then, be it known, in the year 1315 that the first man since Galen 
put mind and hand to the work, and gave to the world a book on anatomy 
in which it plainly appears that the writer had actually practised the art. 
The novelty of the work won such applause that by a decree of the State 
the work of Mondino on anatomy was prescribed to be read in the academies 
of Italy, and this practice was scrupulously observed for almost three hundred 
years. Hereafter, if anyone had anything new, his custom was to add it 
to Mondino. Accordingly there came out in the year 1520 the Notes to 
Mondino of the great Alexander Achillini of Bologna, published by his 
brother, Philotheus Achillini. Then in the year 1521 John Berenger of 
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Carpi, professor at Bologna, that true Herophilus of the Italians, illustrated 
the work of Mondino with commentaries as copious as they were useful. 
This was the man, this was he who set anatomy up again on a solid founda- 
tion; and subsequently, by the composition of his Isagoge, published in 
the year 1523, he as it were gave it a final polish. 

But we must take a closer view of the state of anatomical studies in 
Italy at the time. We praise in Mondino the concise and natural descrip- 
tion of the parts as these in order met his knife, and the careful style of 
the exposition. But the account is unsatisfactory through its general 
meagreness, through departing more than once from the truth, and by 
not defining clearly according to the rules of art. We must excuse him for 
his horribly barbarous style; we must take into consideration the pitchy 
darkness of the age, than which another more benighted is hardly known. 
But what gross ignorance of facts is often to be found! Many things show 
it, but it suffices to mention his division of the matrix into seven cells. So 
that Matthew Curtius before the publication of Vesalius’s works dared to 
say publicly that everything good in him was Galen’s, and all that was his 
own was false. How bald and starveling Achillini is we have learned by 
reading through his very rare little work. But Berenger’s Commentaries 
on Mondino, diffuse indeed but emphatically good, give the most indubitable 
evidence of a brilliant knowledge of anatomy gained by personal experience 
in the practice of the art; nor is the Latin style of the man to be despised. 
Further, he happens to be the first to have had woodcuts made, by which 
an image of the parts could be presented to the eyes of the reader. In his 
great Commentary on Mondino, published at Bologna in 1521, he inserted 
nineteen illustrations; in his /sagoge, given to the public two years later, 
he included twenty-two. The illustrations, we confess, are drawn with 
rude skill ; but we accept them as the first, and are rather inclined to marvel 
that the first illustrations that started such a noble practice should have 
been so good, From this practice subsequently men again refrained. But 
Albert Diirer, a man skilled in geometry and the painter’s cunning, applied 
his art to this most necessary and useful task, and in the year 1534 depicted 
the symmetry of the body in four books: wholly absorbed, however, in draw- 
ing the outlines, he scarcely succeeded in expressing the structure of the parts. 

After him but one man has come to our notice, who was the first to attempt 
to depict the structure by means of his figures, to wit, a doctor of Stras- 
bourg, Walter Hermann Ryff. He in the year 1541 published nineteen 
plates in folio, printed at Strasbourg in the works of Balthasar Pistor, in 
which, he says, the individual parts of the human body have been reproduced 
according to the life as faithfully as possible by the lines of his drawings. 
As a matter of fact Berenger’s illustrations are not so good as these : these 
are fuller, they follow the order of the parts, they point out the smallest 
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details by the addition of lines and letters, even the parts of the head and 
the brain are represented quite accurately, nor are they mere imitations of 
Vesalius’s already published illustrations. In short, they must be taken as 
the heralds of an art soon about to grow to maturity. The illustrations 
which John Dryander Hess had promised in the year 1537 did not appear, 
except those which he had borrowed from the sagoge of Berenger, to which 
he adds one in which he aspires to represent the course of the pulmonary 
vessels, and two representations of the exterior muscles. The bony struc- 
ture of the chest, the belly, the intestines, the spleen, the liver, the kidneys, 
the genital organs, the head he drew subsequently in the year 1541, after 
the first figures of Vesalius had long been published, and also those of Ryff, 
which are here reproduced. Now it behoved us to make these few prefatory 
remarks, so that it may be clear what, in comparison with all the rest, was 
the special achievement of Vesalius. By this means it will be possible to 
perceive how far he excelled all authors of whom we have any record from the 
birth of medicine among men down to his own day, and, by making a just 
comparison, to form an unbiassed judgment on the true merits of the man. 


Andrew Vesalius was born at Brussels, the metropolis of Brabant, in 
the year 1514, on the last day of December, at a quarter to six in the 
morning ; accordingly the twenty-eighth year of his age is ascribed to the 
portrait, while the year of the printing of the work is given as 1542. This 
date is generally put a year later by the printers. 

He had a father of the same name, who was court physician to Charles V. 

He himself tells of his grandfather Everard Vesalius, who being deeply 
skilled in mathematics gave to the public singular proofs of his knowledge 
in this department ; who was also so proficient in medicine that he wrote 
most learned commentaries to the works of Rhazes, then in everybody's 
hands; nay, he wrote an accomplished commentary also to the first four 
sections of the Aphorisms of Hippocrates, which our author still possessed ; 
for all which reasons the wisdom of the man became so celebrated, that 
he was summoned to court to take his father’s place, for he being already 
heavy with years had resigned his post; he thus performed the duties of 
chief physician to her Serene Highness Maria Vallesia, who, being the only 
heir of the Burgundian house, had married the Emperor Maximilian. 
These offices, and the wonderful talents of the man, deserve the more 
renown in that he died when only in his thirty-sixth year. 

There is also record of the father of this Everard, the great-grandfather 
of our man, John Vesalius, who survived his son for many years. He 
was for long court physician to Maximilian at Augsburg; then, becoming 
too advanced in years and unequal to the ceremonies of the court, he was 
successful in his request that his son Everard should succeed him in his 
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exalted post. He withdrew to Louvain, a retreat of the Muses, and not 
thinking that he ought to let his life there pass by in silence, he publicly 
taught the art of medicine ; and there also he published learned notes to 
the fourth Fen.* And at this time so great was the fame of the man and 
his authority in the art, that the most learned authors of the day inscribed 
the writings they intended to publish with his name, hoping of course that 
from the mere dedication to him some value would attach to their works. 
He also collected a library of manuscript works of almost all doctors, which 
he got together from all quarters at his private expense. 

But, what will still more astonish you, reader, Peter, the father of this 
John, is also praised as a doctor and was quite famous in his own day. 

Our author had a younger brother, called Francis Vesalius, who died 
long before Andrew. But he also was so skilled in anatomy, and had such 
great love of the sacred art of medicine, that though compelled by order of 
his parents to devote himself to jurisprudence, nevertheless he was always 
resuming his natural bent for medicine. Nay, after many pilgrimages in 
various quarters of the globe, he hoped at long last to take up his brother 
Andrew’s part and refute the aspersions cast upon him by his adversaries, 
since he in the year 1555, far removed from his studies and living the life 
of the court, entirely lacked leisure to repel the bitter attacks launched 
against him from all sides. We are driven to suppose that the cult of 
medicine was inherent in the Vesalian stock, just as the ancients noted of 
old that it persisted in the family of the Asclepiads. 

His ancestors had their origin in the old and famous [district] Wesel in 
the Duchy of Cleves.f The family device of this stock carries three weasels, 
which kind of animal is called by the Belgians wesel. Hence both he 
himself first wrote his name Wesalius or Wessalius ; and Guinther also, in 
praising him in his Jnstitutes of Anatomy, called him by this name, as well in 
the first edition of them in 1536 as in the second produced at Metz in 1539. 

Sprung from such a stock, born of such parents, he felt impelled not to 
suffer himself to fall away from the ancient virtue of his fathers, and strove 
with all his might to increase by his own virtue the glory won by his 
ancestors. His parents saw to it that the boy should get a training in 
humane studies and in the peripatetic philosophy in the military college at 
Louvain. At once in his tender years a burning love for the natural 
sciences showed itself. He there acquired the Latin language so well that 
his diction excites the admiration of the reader for its purity and chastity 
combined with charm. In Greek he also reached a ripe perfection. Accord- 


* “The fourth Fen.” The reference is to the first part of Avicenna’s Canon of Medicine, 
Book iv. In his Epistle to Roelants (p. 681 of the ed. of Boerhaave and Albinus) Vesalius 
gives the information his editors here repeat. His phrase is in quartam Fen Avicennae. 

+ The Latin text has Wesalia Cliviae vel Faesula. 
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ingly his style in his great work is found to be of such a kind that Riolan, 
everywhere a detractor, and not free from suspicion of envy, expresses the 
opinion that Vesalius, being unequal to such a piece of composition, used 
the obliging hand of some learned man; and others, without any show of 
truth, opine that it was John Oporin, professor of Greek at Basle, who 
took this task upon himself. It is absurd to believe it. What Latin 
scholar, indeed, would presume to write a natural history of the human 
body, without any personal knowledge of anatomy, from the account of 
another? * Assuredly he would a thousand times without being aware 
of it offend against the truth of the facts and the propriety of the words. 
And as a matter of fact Vesalius employed the same style in his comments 
to Guinther, in his Epitome, and in his work on the dissection of the vein. 
However, after he had lived long in court, a stranger to all commerce with 
the Muses, gradually falling away from his old elegance, he did deteriorate 
somewhat. We are amazed, however, at Riolan, who abuses his bombastic 
diction, long-winded sentences, and obscurity in description ; for he used 
the most simple language, far more perspicuous and less halting than that 
of Riolan. But that is his way, delighted with himself and often unduly 
harsh in his judgments of the merits of others. 

His proficiency in Greek may be learned from the fact that he so 
thoroughly perused the Greek works of Galen as a young man in his study 
that Falloppius dubbed him a glutton for them. Moreover, he wrote many 
annotations to the Greek works of Galen, which were collected into one 
volume. From the editions of Galen published in Italy and Germany 
he removed the faults of the translators. He corrected everywhere mistakes 
in numbers,t and words turned from Greek into Latin by men ignorant of 
anatomy.{ He made innumerable other restorations in the same writer. 


* It is perhaps worth noting, not as arguing the truth of this collaboration but as 
discounting the belief in its intrinsic absurdity, that in 1676 Dr. John Mapletoft  per- 
formed this service for Sydenham, the English Hippocrates, whose Observationes medicae 
circa morborum acutorum historiam et curationem was published in that year. 

+ See p. 257, Opera Vesalii, ed. Boerhaave and Albinus. I translate a few of the 
most relevant words: ‘‘ Nay more, in Galen’s first book on the Method of Dissection, 
all the copies I have seen have three mistakes in numbers (the reference is to the numbers 
of muscles controlling particular bones). ... But these mistakes, with innumerable 
others, have been corrected to the best of my ability in the Latin editions of Galen lately 
produced in Italy and Germany.” 

t See p. 48, Opera Vesalii. I translate the passage: ‘‘ The most prominent part of 
the larynx is described as a bone in the singular, but it really consists of a multiplicity 
of different little bones. Some designate it in Greek hypsiloides from the shape of the 
letter 7, others more briefly hyoides. Those ignorant of dissection have been deceived 
by this word in Galen, and have translated it ‘ the pig-like bone.’. . . . Mistakes of this 
kind I have removed as well as I could from the editions of Galen lately brought out in 
Latin in Italy and Germany.” 


: 
| i 
as 
i 
* 
t 
. 


56 Transactions of the Royal Society of South Africa. 


He had ready for publication notes on the anatomical writings of Galen, 
together with others of his works in a much more correct state than 
formerly.* To put all in a word: the man’s knowledge of Greek was so 
famous that Aldinus Junta, the celebrated printer in Venice, paid him the 
unique compliment of asking him whether he would consent to purify the 
Greek text of Galen and make a Latin translation, for which purpose he sent 
him as many emendations as possible. On these facts so far all are agreed. 
But nothing is less probable than what Riolan writes on some report or 
other of John Caius,t a famous English doctor, who lodged with our man at 
Bologna while he was busy there writing and illustrating his great work : 
to wit, that what he received for purposes of emendation, he further cor- 
rupted to increase the occasion of fault-finding. Who can believe such an 
atrocious crime in the case of a young man of five-and-twenty of open 
and excellent character? Who will suppose such negligence possible in 
the scholars who sent him their choice emendations to Galen’s works ? 
Would such men have lightly suffered their own work thus to be destroyed, 
to be corrupted, to be desecrated, and nothing said? But the industry of 
Riolan goes to feverish excess as often as he has a chance to lay hold of 
something that may dim the glory of Vesalius. We hold his story to be 
just as probable as that Hippocrates first plundered and then burnt the 
archives of the Cnidians. Truly, even after their death envy does not let 
be men worthy of renown. 

Further, since at that time the teaching of the Arabs was still held in 
honour, whose books Vesalius afterwards often said should not be utterly 
plucked out of the hands of the schools, he thought it to be his duty to be 
able to understand the writings of these men also for himself; distrusting 
the Latin version, he preferred to be able to approach the source, and to 
learn this Arabic itself and the other tongues of Asia, in order to take the 
true sense of the authors. To this end he enjoyed the friendship and in- 
struction of Lazarus, a Jew from Frigeae, with whom he employed his time 
in reading Avicenna. And he himself afterwards was author of Hebrew 
and Arabic synonyms, which we are surprised to see written beside the Greek 
and Latin terms, by which are explained in indices placed beside them the 


parts represented in his illustrations. And in these languages also his, 


application so far advanced him that he made a complete version of the 
ten books of Rhazes to King Almansor. It was indeed the special good 
fortune of the age of Vesalius, as it rose again to better things after the 
doom of barbarism, that the minds of young men, thoroughly trained in 
the strict usage of a pure idiom by Latin, by Greek, and often by Hebrew, 
did thus at length, fortified by these means, force for themselves an entry 


* Opera Vesalii, p. 266. 
+ Of Gonville and Caius College. 
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to the arts, and with the further support of their great aid put on record 
for posterity the rich treasures they found therein. 

While he pursued these studies with enthusiastic zeal, his natural genius 
for anatomy was always breaking out and showing itself, so that even as a 
boy he was wont to lay bare the insides of animals and to examine their 
internal organs, opening up mice, dormice, moles, cats, dogs, as often as 
he got the chance, showing even then what sort of man he was one day 
destined to be. 

He next attended other academies, famous in his age, and distinguished 
for men learned in every branch of knowledge. He attended the school at 
Montpellier with Tagault as fellow-student. On several occasions he returned 
to Louvain for the sake of his studies. He himself before all other seats of 
learning praises the academy at Paris, illumined at that time by the brilliance 
of James Dubois : here first under him he enrolled as a student of medicine ; 
he confesses that for the space of three years he was his constant and most 
devoted pupil, that he here studied anatomy, and that under Dubois he 
witnessed some dissections of the lower animals. The fact is, however, 
that he himself soon put his hand zealously to the work, so that already at 
the third dissection at which he was ever present, urged on by the encourage- 
ment of his teachers who were amazed at the novelty, and by the entreaties 
of his companions, he did with his own hand perform a far more thorough 
dissection than he had ever seen before. Subsequently at a second public 
dissection he gave a more accurate demonstration of the muscles that serve 
for moving the hand and of the contents of the abdomen. Thus it was that 
at Paris under Dubois this great man served his apprenticeship to anatomy ; 
wherefore he praises him as one whom he must honour all his life, he pro- 
fesses his readiness to acknowledge his great debt to him; he always 
waited upon him with reverence, and always courted the friendship of his 
teacher to a marked degree, but never at the expense of truth. 

However, though everybody is agreed as to the kind of instruction in 
anatomy then given in Paris, and as to what Vesalius owes to Dubois, it 
is yet worth while to search out from the true records what actually occurred, 
and to set it forth in the order in which a just judge impartially examines 
the truth. Dubois, according to his wont, used to read out to his pupils the 
works of Galen on the function of the parts; when he came to the middle 
of the first book, where anatomy begins at last to be discussed, he used 
to say that this portion was too hard for students of medicine to approach ; 
the effect would be, he said, if he continued, that he would torture himself 
and his hearers to no purpose. Accordingly he took a big jump into the 
middle of the fourth book, and attacking it, continued right on to a portion 
of the tenth. Then, again omitting parts, he read the later books, but in 
such a way that he finished off a whole book in five or six days. He also 
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expounded Galen’s works on the muscles, but no other anatomical work. 
Nor meanwhile did he ever warn his hearers that there was anything written 
in Galen which was quite otherwise in the living animal. The result was 
that there was nothing in his personal instruction except what was open for 
anybody to learn from Galen’s own text. Nor did he ever once dissect a 
human body. in order to show to his pupils the structure of the parts, but 
he saw to it that parts of dogs should from time to time be brought to the 
classes that in this way he might carry out his anatomical demonstration. 
And even these incisions into dogs were performed by the surgeons alone 
under the direction of the demonstrator, while the professor dictated and 
discoursed about what the demonstrator pointed out. Nor did these dis- 
sections last long, but were all over in three days. 

Having finished his prelection, and the audience being dismissed, some- 
times on his return Dubois had experience of the application of his pupils, 
by finding them absorbed in the work of dissection. It so fell out that 
Dubois said in a lecture that he could not find the valves of the arterial 
vessel beside the aorta; and the next day, as he returned from his pre- 
lection to his pupils, they, with Vesalius among them, showed him the same. 
Vesalius meanwhile, acting as ringleader to his companions, collected along 
with them in the cemetery of the Innocents a most splendid supply of bones, 
busying himself there often for many hours at a time. One day, in order 
to secure some specimens, he went with one of his comrades towards the 
huge heaps of bones that accumulate in Mont Faucon from the bodies of 
hanged persons that are wont to be deposited there. Attacked by fierce 
dogs, he came to such a pass that he thought he was then and there to 
pay with his life the penalty for all the dogs he had killed for his anatomical 
experiments. Through these efforts he made such progress at Paris, that 
being fashioned by his industry into a master of his art, and having already 
far outstripped Dubois in manual dexterity, he more than once gave public 
demonstrations ; although he himself freely acknowledges that he was 
comparatively inexperienced at the time. And from all this can be seen how 
true was his public reply to Dubois, who attacked him in season and out, 
that he had not learned anatomy from him. 

Taking advantage of the same residence in Paris he listened to the 
medical lectures of John Fernel,* that famous restorer of the pure art, 
whom he thankfully claims to have had as his instructor. 

At length he heard also John Guinther of Andernach, he who was so 
wonderfully tossed and turned by various fortunes, but was at the same 
time high in the world’s esteem for his great learning, and cultivated him 


* John Fernel, among his many other accomplishments, was famous as the man 
who “ preserved the rubbish of the Arabs in the honey of his Latin ”’ (faeces Arabum melle 
Latinitatis condidit). 
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and was much in his company. He at that time was teaching anatomy in 
the same place; he sometimes even dissected corpses, and wrote an 
Institutes of Anatomy in pure Latin style and clear simple diction, following 
Galen’s order and borrowing his material exclusively from him. He 
was extremely well versed in the Greek tongue, of which he had formerly 
been professor at Louvain. He acknowledges openly in books published 
already in the year 1536 that Andrew Vesalius, the physician to the 
Emperor, had for son a young man of great promise; and in a second 
edition reprinted at Metz in 1539 he frankly confesses that in the task of 
completing this work he had the helping hand of Andrew Vesalius, a young 
man most assiduous in the study of anatomy, and no mean exponent of 
pure medicine. In a little book which he published on medicine, but not 
till 1569, some five years, that is, after the death of Vesalius, he records 
likewise that Andrew Vesalius had assisted him in anatomy, and that he 
had acted as demonstrator for Vesalius in Paris. Vesalius, for his part, 
gives Guinther credit for a large share in his education, saying that he 
found him a most learned and cultured teacher, but making no mention of 
anatomy. But when John Dryander, professor of mathematics and 
medicine in the school at Marburg, was editing his anatomy, in which he 
was publishing as his own figures stolen on all sides from the works of 
others, he, combining impudence and ill-temper with ignorance of the 
facts, wrote to John Echt, a distinguished doctor of Cologne, that Vesalius 
had shown himself ungrateful in his writings on anatomy. He levels 
against him this charge, among others, that he passed over in silence the 
most famous doctors of his age and the most famous exponents of dissection, 
But the chief charge of all is that he failed to acknowledge Guinther as 
his teacher in anatomy. Then, indeed, the venom of that base charge so 
rankled in that noble man, that he was compelled to wash out the black 
stain of ingratitude, and openly to declare that he respected the renowned 
John Guinther on many counts, that in his published writings he honoured 
him as his teacher, but that he wished there might be inflicted on his body, 
one for one, as many strokes as he had ever seen Guinther attempt to make 
incisions in the bodies of either men or beasts, except at the banqueting 
table. He adds then reluctantly that he appeals to the sacred honour of 
Guinther whether he did not owe to Vesalius whatever he might have 
ventured to claim as his own in his anatomical writings, apart from what 
was to be found in Galen, which was public property. And this he did 
publicly, while Guinther was alive and well; nor did the other ever utter a 
syllable in reply, not even, when long after the sad death of Vesalius, he 
was publishing his own works. And since Riolan, that curious researcher 
into all that concerns anatomy, knew this right well, there was no necessity 
for him to stir up ill-will indirectly against Vesalius, on the ground that 
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he had acted ungratefully towards Guinther, after he had with his own 
words long ago paid him homage. Nowhere, however, did Vesalius say that 
he had derived his anatomy from him, but a great part of his education. 
But to Nicolaus Florenas he thankfully acknowledges that he owes the 
method of study in the Hippocratic art. It did not become us to be 
careless in recording the history of Vesalius’s studies, or to say nothing 
about the teachers he employed for instruction in learning. We ought 
also to note with care the kind and degree of progress that he made through 
them, especially at Paris, and, on the other hand, what should be put to the 
credit of his own industry, so that every impartial critic may be able to 
form a judgment on these points. Italy, indeed, and France have gone 
too far in detracting from the just deserts of the man. For although he 
calls the Parisian doctors his teachers, it is of importance to know how 
much ought to be understood by this encomium. 

Living again at Louvain for the sake of his studies, when the French 
war was beginning, by demonstrating anatomy he turned upon himself 
by the unusual sight the attention of the whole academy there at which 
he had been educated. By what a zeal for learning he was then urged on 
let us learn from one instance. Having returned to Louvain from Paris on 
account of the turmoil of the war, he was taking a walk with the famous 
Gemma, the Frisian. As they strolled along, chance led them to a place 
where the bodies of persons executed are wont to be exposed in public as 
a warning. Vesalius spied the corpse of a robber who had been lightly 
burned with straw a year before * fastened to a stake; on account of its 
sweetness the birds had so stripped it of flesh that the bony structure, 
being beautifully exposed and whitened, hung together merely by the 
strength of the ligaments. Tempted by the sight of the prize so long sought 
in vain, Vesalius rejoiced, eager to take possession of it. Accordingly, with 
Gemma’s help, he climbed the lofty stake, wrenched off the principal limb- 
bones of the hanging corpse and secretly, piecemeal, conveyed them home. 
The trunk remained with the head and chest ; these were bound to the stake 
at a great height with iron’ chains, so that they could not be wrenched off 
without great effort ; nor could they be brought home by day. At night- 
fall the bold youth left the town, for the whole night he suffered himself to 
be shut out, and alone in the middle of the night, in the midst of the grim 
spectacle of corpses hung all round, with great exertion and unflagging 
determination, he climbed the cross, forcibly wrenched off all the bones, 
carefully collected them, buried them in a spot far removed from thence, 
and subsequently, piecemeal, bore them off home for himself, and made 
therefrom a skeleton, which from fear of the Burgomaster he alleged that 


* The text is corpus latronis ante annum stramine leviter ambusti. I do not under- 
stand whether this refers to an accidental burning or some practice of the age. 
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he had brought with him from Paris, and which he employed for his own 
and the public instruction. What a bold and hazardous deed! of which 
subsequently there was no need, the Burgomaster freely surrendering the 
bodies of those who had suffered capital punishment. 

Thus urging on himself and his companions, he began to make a collec- 
tion of bones from the bodies of men, monkeys, tailed monkeys, and other 
quadrupeds, and of birds also. And being now richly supplied with ana- 
tomical material, he began to teach at Louvain with greater accuracy, 
dissecting in public under the presidency of John Armenteriano, professor 
of medicine at Louvain, to whom he afterwards dedicated his edition of 
Guinther’s anatomy. 

Then at about this time he was present on an expedition which the 
Emperor sent against the French in the year 1535, and on this occasion he 
opened up a human body with his own hand, though he had only twice been 
present at a dissection at Paris. At this time he was twenty years old. 
Indeed, he advanced and broadened his knowledge daily ; he himself publicly 
states in his edition of Guinther’s Anatomy, corrected and enlarged by 
himself, on the 5th of May 1538, that he had already practised anatomy in 
three famous academies in Europe. On the Ist of January and of April 
1539, he writes that he had publicly practised anatomy at Louvain, at 
Padua, and elsewhere more than once. 

At Venice also he is said to have studied medicine under doctors who there 
practised the art, with whom he visited the sick. Subsequently he pursued 
the science of anatomy with an industry merciless to himself, amid the 
noisome filth of excrements, sparing no expense. In the prime of life, 
caring nothing for money, without wife, children, or any domestic cares, 
he gave himself up wholly to anatomy, choosing suitable companions to 
assist him in his labours. He wearied the judges with importunate prayers 
to inflict a certain type of punishment on condemned criminals, so that, as 
suited his purpose, he might learn from their bodies the particular facts he 
was especially studying at the moment. Again he would beseech them to 
postpone the executions to a time convenient for his dissections. He urged 
on students to be on the alert at the burial of corpses so that they might 
) snatch them from their tombs for their own purposes. He exhorted them 
to note carefully what the medical professors said about the diseases of 
patients in the hospital beds, so that when they got their dead bodies they 
might more effectually inquire into the causes of disease and death, and might 
be able thankfully to profit by this happy chance of learning. When he 
had obtained the bodies of executed men, or bodies snatched from tombs, 
he carried them off to his room and kept them for his researches for three 
or more weeks. Reader, does your soul shudder? O youthful ardour 
and enthusiasm based on determination! He breaks the iron bonds that 
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hold him back, the only pleasures he recognises are those that science brings, 
other allurements he neither knows nor craves. He had need of such a 
character, of such parts, for the accomplishment of his glorious task. Greedy 
for knowledge, burning to promote the common good, he strove, and he 
won through. 

However, it is not always possible for a noble nature to follow its own will. 
Immediately his boyhood ended he was summoned away from anatomical 
inquiry to the practice of the art of medicine, in wars, and on journeyings. 
For in the year 1528, which was scarcely the fifteenth of his age, he already 
handled the plague as a surgeon and doctor. He served in the French 
war which began in 1535, and in the Geldric war, which the Emperor brought 
to an end in 1543. The Emperor at his departure ordered him to remain 
at Nimwegen, to attend to the damaged health of Navagerius the Venetian 
legate. Everywhere and always, however, so far as was possible, he prac- 
tised anatomy and surgery. 

The result of all this was that the wise Senate of the Venetians, always 
seeking to secure what was best of its kind for its academy at Padua, urged 
on by the now established reputation of the man, invited our author, as yet 
scarcely twenty-two years of age, at a handsome salary, to give public 
lectures, demonstrations, and instructions in anatomy and surgery. This 
duty he performed with conspicuous success for the space of almost seven 
years as State professor at the school in Padua. Subsequently, being called 
also to Bologna by the State authorities to demonstrate anatomy, he was a 
guest at the house of John Andrew Albius, professor of medicine, and made 
there the skeleton of a man and of a monkey. 

Further, the Grand Duke Cosimo of Tuscany, the pride and bulwark of 
arts and letters, offered him an honorarium of six hundred crowns annually, 
and summoned him to Pisa, that he might fulfil the duty of State professor 
of anatomy and surgery, and ordered that corpses should be granted to 
him, even out of the cemeteries, according to his wish and need. 

At Padua in his public demonstrations of anatomy he kept the order 
which he afterwards empldyed in his great descriptive anatomy, spending 
always at least three whole weeks on the work. At Bologna subsequently, 
in the same winter, he gave similar demonstrations for the same space of 
time. And then, still in the same winter, at Pisa. He used to follow the 
books of Galen; and these he had read already three times to his pupils 
before he ventured to note any defect in him; nay, he used to extol Galen 
as the second leader of medicine after Hippocrates, as the first and foremost 
exponent, the coryphaeus, of dissection, a rare marvel of nature and a great 
admirer of nature, and the author of all good things. When, however, he came 
to be so constantly occupied in the dissection of corpses, and always compared 
all his observations with Galen, he began gradually to note down the diver- 
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gences he detected, and to make of these a mighty tome. Then he devoted 
himself as far as possible to the anatomy of monkeys, and while he examined 
the tailed and the tailless varieties he found more facts every day worthy of 
remark. After due pondering on all these, he found himself forced to the 
conclusion that Galen had made the mistake of applying quite accurate 
descriptions of monkeys to men from his belief in their similarity, and had 
not described the bodies of men from direct observation. The more atten- 
tion he gave to these points, the more clearly he thought he saw them ; 
wherefore he began to distrust everybody, knowing well the author from 
which all the rest had all they knew, namely, Galen. Then he formed the 
proud resolve of bringing anatomy to life again by his own efforts. While 
he was looking about for the means by which he could successfully accom- 
plish this enormous task, he saw that it was totally impossible unless he 
could make an absolutely new exposition of anatomy, from the discoveries 
in particular which he himself had made by comparing his direct observations 
on corpses with the descriptions in the writers on anatomy, and unless he 
could put these before the world all gathered together within the compass 
of one book. For he found so many mistakes in the anatomical writers 
that he saw no safe guide to follow, unless he wished to abuse the patience 
of the reader by corrections at every point. On the other hand, it seemed 
reasonable to put on record only what had been observed by the faithful 
witness of the eye. While pondering these thoughts anxiously day and 
night, and when as was natural he opened his mind on these points to others, 
he found immediately-the most important men to encourage him and advise 
him to try his strength. Among these he specially praises Mark Antony 
Genua, professor at Padua, and Wolfgang Herwort, a nobleman of Augsburg, 
for having done most to urge him to the commencement of his task. 

He began, therefore, to ponder on the conclusions at which he had 
arrived from his practice of dissection ; next to reduce them to order; and 
finally, not only to gather his writings into a complete account of the struc- 
ture of the human body, but also to submit the subject to the faithful 
scrutiny of the eye in engravings (pictas tabulas). He was firmly convinced 
that anatomy and surgery, which depends upon it, are the noblest parts of 
medicine. He was distressed, therefore, that in his time these arts were 
cultivated apart from that which busies itself with curing disease. Where- 
fore his very first effort was to present in figures those parts of the body in 
which wounds, sores, tumours, dislocations, fractures, and bruises occur and 
are cured by the application of the surgeon’s art, remarking in jest that 
other doctors are exclusively occupied in prescribing syrops. Accordingly 
he published at Venice in 1539 certain anatomical figures, merely as speci- 
mens and by way of trial. But others immediately began to give these a 
wider circulation, in a corrupted form and with more ambitious titles. 
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Vesalius was detained in Italy; the Germans thought he was far off 
and would never return; accordingly the plagiarists thought they had a 
safe licence to appropriate the glory won by another’s efforts. Hence 
there came into existence at this time in various localities anatomical 
plates. 

After these anatomical figures he next finished his Epitome, drawn from 
the seven books of his great work, and inscribed it to his Supreme Highness 
Prince Philip, the son of Charles, although its final publication was delayed 
till some months after the publication of his great work. He had com- 
posed it merely with the intention that it should serve as an index to the 
greater work, and that it should be of use to surgeons in particular. But 
whether you consider their artistic qualities or their truth to nature, the 
figures in it are assuredly the most beautiful that have ever been produced. 
The order of the muscular representations in the Epitome is determined 
solely by consideration of the place, position, and relationship in which 
they are found in the body, so that the surgeon may have a true image of 
the parts of the body, from which he can tell with certainty in what 
part of the body each is to be found, so that he may be able to guide 
his hand surely and without mistake according to his knowledge of the 
parts. 

He then quickly finished off his incomparable work on anatomy, a work 
destined never to perish, but which will be regarded in all ages as the most 
splendid which any mortal had produced up to that hour. In it in his 
accomplished prose he sets forth at generous length all things which made 
not only for the perfect understanding of the human body, but for the 
exhibition of that structure to the eye by the most ingenious skill. Without 
a doubt the plates, which faithfully represent the parts described in the 
text, by their size and beauty, by their accuracy and naturalness, surpass 
all that any age has seen. Further, the indices placed beside the figures 
explain the illustrations with such care, and with such painstaking thorough- 
ness, that in this particular there is nothing further to be desired. And 
again, while you consider'the text you will admire the labours of the man, 
who with incredible accuracy and an industry that literally holds us spell- 
bound, sets in the margin such exact references to all the most minute 
of the several little parts depicted, that whoever reads the descriptions and 
refers at the same time to the figures seems to catch the voice of the dissector 
as the parts are severally demonstrated to his eyes. 

There is one thing to be particularly observed in examining the figures 
of the muscles. In this work the author has presented them in a different 
order from that followed in the Epitome. He here presents them in that 
order in which an anatomist requires to deal with them in his demonstra- 
tion, so that he may be able to exhibit them all on the one body to the 
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attention of the onlooker, and successively prepare, separate, remove, or 
leave them as often as he practises dissection publicly in the theatre. 
Our author had been accustomed to exhibit the muscles every year in the 
one winter in three Italian academies, and he arranged for artists to draw 
figures of the corpses as prepared for successive demonstrations. It is 
unbelievable how much assistance this has proved to the public professors 
of this most useful art. They have, to wit, a guide whom they can follow 
with confidence through this inextricable labyrinth ; one by whose thread 
are controlled the blind steps of those who desire to make a correct approach 
to a complete demonstration of all the muscles, tendons, and ligaments in 
one body. These facts he sets forth with completeness in seven books. 
At each point he adduces the writings of Galen, compares the sense of 
Galen’s remarks with the observed facts, then with keen critical judgment 
lays bare his mistakes, so that at times he seems to have too sharp an 
eye for them; and finally he draws the conclusion that it was not the 
bodies of men, but of beasts, that had been examined and described by 
Galen. Hence this confusion, hence these tears! All anatomists every- 
where had proclaimed Galen to be free from fault and had followed him in 
everything. To fasten an error upon Galen was to flout the world of 
anatomy. Old men of established reputation were hardly likely to brook 
this from a youth who had not yet completed his twenty-eighth year, and 
to do away the intolerable insult that had been put upon them they armed 
themselves with jealousy, hatred, and rage. The leader of the rebellious 
throng was James Dubois, the famous professor at the school in Paris, a 
learned doctor, to be sure, but with the kind of character which Stephanus 
in his Apology for Herodotus has painted in his own colours. Was this 
man to endure having to unlearn in his old age what he had taught to 
youths ! 

Now Vesalius was only in his twenty-fifth year when be began to write 
his mighty work ; for in the next year he was writing the eleventh chapter 
of the first book.* He finished on the Ist of August 1542. With super- 
human exertion he succeeded in finishing the figures, charging himself not 
only with the preparation of the bodies, but with the direction of the eyes, 
hands, and mind of the artist. 

As illustrator he seems principally to have employed John Stephan, a 
famous artist of the day, whose industrious help he himself says in 1539 he 
particularly needed. He acknowledges also the help given him with the 
figures by Nicholas Stopes. He mentions too in the same place, without 


* The proof of this assertion is found in Bk. I, ch. ii. Discussing the question of the 
late and painful appearance of wisdom teeth, Vesalius remarks: ‘‘ I myself am even now 
experiencing this, for as I am engaged in writing this book my thirty-second tooth is just 
growing up in the twenty-sixth year of my age.” 
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giving the name, his engraver, whom we identify as John Calcar, the 
most accomplished of them all. At any rate men skilled in this 
art say even in the present century that they recognise his hand.* 
Vesalius, while he had to employ their skill, was so tormented by the ill- 
tempered disposition of these men, that in his despair he thought himself 
worse off and less fortunate than even those whose bodies had come under 
his dissecting knife. What expenditure he incurred while endeavouring to 
force these great artists to draw the loathly bodies of flayed men, these 
artists whose love was reserved for the living Venus girdled with the Graces ! 
But the generous spirit of this noble man was ready to expend all his re- 
sources on them. These drawings, purchased with his own money, he 
preferred to give free to the printers, even adding some remuneration thereto, 
rather than to suffer them to make alterations, and to spoil them in reducing 
the scale. 

When some of these illustrations were ready, the father of our author, 
already before 1539, offered them to the Emperor Charles V, who examined 
them with great pleasure and put the most apposite questions with regard 
to details ; so that Nicolaus Florenas, the chief physician to the Emperor, 
wrote to him that the figures had been most highly approved by his Highness 
and the leading men of the realm. That these figures were but few in number 
is certainly to be inferred from the fact that on lst January 1539, after the 
approval of the figures by the Emperor, he writes that he had already two 
more of the nerves, but had not yet finished the figures of the muscles, 
nor of the internal organs ; he had already tried in vain a method of accom- 
plishing the task conveniently, and was not endeavouring to avoid the 
irksome burden of it, provided only the supply of corpses and the skilled 
hand of John Stephan should not fail him. Whence it is established that 
it was within this space of time that the work was accomplished. This the 
Emperor was graciously pleased to allow to be dedicated to himself; and 
this was done on the Ist of August 1542, while both his parents were still 
living. The dedication of the later edited Epitome was made on 13th 
August 1542 to Philip, son of Charles V. Both were done at Padua. 

Subsequently in 1546 he was in Basle, planning a new edition. Here 
he at once improved the occasion by working at anatomy, and, putting 
together the skeleton of a man, he made a present of it to the medical school, 
where it still survives with this inscription : 


* It appears as if Boerhaave and Albinus were unaware of the identity of John Stephan 
and John Calcar. See the article on Johannes Stephan in Bryan’s Dictionary of Painters 
and Engravers, and History, etc. of Anatomic Illustration, by Choulant, University of 
Chicago Press, p. 170. Jan Stephan Calcar was in Venice in 1536, was a pupil of Titian, 
and is stated by Vasari to have made the designs for the Fabrica. Like Vesalius 
himself, he was born in the Duchy of Cleves. 
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Andrew Vesalius of Brussels 
Chief physician to the Emperor Charles V 
Being about to publish in this royal town 
His much praised commentaries on 

The practice of Anatomy 

Has here set up to view 
This skeleton of a man which you behold 

As an example 
Of his skill and industry 
In the year of our Lord 
1546. 


For this our noble author deserved thanks and eternal glory. But, as 
is the inevitable misfortune of great men, instead of reward he suffered 
hostility, pure calumny, and venomous ill-will. With Dubois threatening 
in Paris, Eustachius thundering, albeit mildly, in Rome, and Dryander 
slandering him meanwhile at Marburg, he saw, like the wise man he was, 
that no good could come of it, nay rather that he would lose good time ; 
accordingly he wrote to Dubois, whom he had always highly esteemed, 
most complimentary letters, full of reverence and respect, asking that he 
would point out what had displeased him, Dubois wrote in reply that he 
valued Vesalius highly, and wished to retain his friendship, but only on 
one condition, that he would speak no ill of Galen in his anatomy. Other- 
wise, he and his pupils would attack Vesalius. But if he would sing a 
palinode, and write fittingly in public on the anatomy of Galen, then he 
would be his friend. Let him therefore soften his criticism of Galen, and 
in such a sense that the new discoveries could be added to the books which 
Dubois had planned on anatomy. At the same time he did not abandon 
his angry threats, saying that his pupils were sharpening their pens against 
Vesalius, while all the time he was the only active agent and the rest were 
drawn reluctantly to his support. Vesalius thought it best to digest all 
this in the quiet of his heart. His generous soul could not weave garlands 
for itself by a re-hash of the labours of others, nor could he take writings 
already expressed in brilliant and polished style, transpose them, at times 
obscure them, and publish them as his own. 

This being the position of affairs, he meanwhile was on service in the 
imperial camp, and on the conclusion of the Geldric war in 1543, when his 
work was already published, he delayed a long time at Nimwegen to attend 
the shattered health of Navagerius, the illustrious legate of the Venetians, 
after the departure of the Emperor. Then he went to Ratisbon, and there 
he found letters from his friends and wrote his letter De China. Then he 
visited Padua, Bologna, and Pisa, and again engaged there in public dissec- 


J 

Sy 

Tin, 

vil 

ay 

oe 

a 


68 Transactions of the Royal Society of South Africa. 


tions of corpses. On the day before the dissection, by a public announce- 
ment he invited all to be present at the actual proceedings, and to point out 
to him in the presence of all on the body, as he dissected, the mistakes they 
boasted they had found in his works; so that in the theatre itself, at a 
public demonstration, a decision might be made as to the truth of the matter. 
Thus he quelled the strong rumours and cavillings, enjoying the applause 
and the support of all. For the students at Padua stealthily withdrew 
corpses from the very tombs for his use: they did the same at Bologna ; 
and at Pisa, by public decree, the Grand Duke Cosimo ordered bodies to be 
given to him. 

So daily among the Italians the glory of the great Vesalius grew. 
Among them he held in his single person posts at three of their most famous 
schools, and from the whole of Europe he drew students of anatomy. 
Soon, accordingly, all the young medical men born there were on his side. 
Then, chafing at the sight, the vengeful Dubois, after hatching many vain 
plots, at last proved unequal to the task of exercising any further control 
over the passions of his hot heart, and in the year 1551 he spued out upon 
Vesalius the most dire imprecations, evidences of his own sorely-galled 
mind, but nothing more. With a contemptible play on the word, he every- 
where calls him Vesanus (7.e. the madman), unskilled in letters, puffed with 
self-conceit, a foul-mouthed slanderer, a thorough ignoramus, a deserter, 
impious, ungrateful, a prodigy of ignorance, a mischievous example of 
impiety, poisoning Europe with his pestilential breath, the sum of whose 
errors, merely to name them, would be an infinite labour. So far he went 
in words that but publish his own iniquitous character. 

But in order to bring Cornelius Baarsdorpius, chief physician to the 
Emperor, over to his side against Vesalius, he presented him with the 
skeleton of a child, hoping by the aid of the good Baarsdorpius to insense 
the Emperor against Vesalius. Nay the rage of the man went so far in this 
anatomical affray, that the frenzied fellow, with shame be it said, dared 
publicly to petition the Emperor that his Imperial Highness would heavily 
fine Vesalius. When, however, it came to the point, he saw that he could 
not possibly defend Galen’s positions against Vesalius, wherefore he went to 
the mad length of asserting, in a ridiculous and worse than puerile lie, that 
the men in Galen’s time had been constituted differently from those of his 
own day. The wise Bartholomew Eustachius, unsurpassed in his admira- 
tion for the great Galen, wittily ridiculed this absurd sally against Vesalius, 
shrewdly observing that by such championship a cause is betrayed and 
more than damaged. 

Nevertheless the authority of Dubois, which was very great with every- 
body, succeeded in so injuring Vesalius, that in the ears of the Emperor 
and of other men of the first rank a most damaging report of his works 


. 

4 a 


The Life and Work of Andreas Vesalius. 69 


was sown, and a most unjust censure was passed upon them. When this 
became known to Vesalius, it so wrought upon the spirit of this best of men, 
that, being already summoned to the court and on the point of leaving 
Italy and already dressed for the journey, he did in a fit of wrath burn 
in one hour anatomical observations on the works of Galen, the fruit of 
his most earnest toil, which he had arranged in one huge volume; also 
a whole book on medical formule ; a collection of much useful information 
on materia medica ; a copy of the books of Galen in which, while engaged in 
dissecting, he had been accustomed to note down anything new or of special 
importance that came under his observation ; furthermore a Paraphrasis 
in which he instituted a comparison of the Arabs with Galen and the rest 
of the Greeks in those parts of the art which Rhazes handled in single 
books. Too late he repented of his rash counsel, as often as he afterwards 
bethought him of his former happy toil, and the splendid results of his 
experience. Alas for the loss! What care he had employed, what know- 
ledge, in the identification and examination of plants, what enthusiasm, 
what zeal, what strictness in investigating the medicinal qualities of the 
same, you may see in his book On the Root China, where he deals with 
sarsaparilla, tormentilla, chamaedry (wall-germander), true rhubarb, 
turpentine, and in his work on surgery above all, where he also makes many 
true observations in admirable order. When he meditated making up for 
these losses later by renewed exertions, his court life prevented it. 

Now to all attacks Vesalius replied quite temperately as occasion 
offered, except perhaps once, and he made no bitter rejoinder to Dubois ; 
under compulsion, however, he at length openly declared that he acknow- 
ledged no teacher in anatomy, because Dubois declares that Galen has 
nowhere erred, while Vesalius challenges him everywhere. And then in 
the whole book On the Root China, although occupied with a variety of 
affairs, he amasses the most abundant arguments from all sides, by which 
he proves that Galen had taken from brutes, especially from dogs, oxen, 
sheep, and above all from monkeys, tailed and tailless, his original contri- 
bution to anatomy. Although he wrote this letter at Ratisbon on 13th 
June 1546, nevertheless he replied to Dubois’ book subsequently in 1551. 
For Dubois, before doing so in writing, had plied his auditors even to 
nausea with the same statements in all his discourses. To these writings 
of Dubois, accordingly, he made no reply, except in the second edition of 
his work. But with a noble and praiseworthy intention Renatus Henerus 
of Lindo, a famous doctor, pleaded the cause of Vesalius against Dubois. 
He was living at Paris for the sake of his studies, a constant attendant at 
Dubois’ lectures, at the time when he was publishing his tract against 
Vesalius ; he was greatly astonished to hear this teacher of his inveighing 
against Vesalius in every lecture till people were sick and tired of it; but 


ai: 
& 
ats 
a 
3 


70 Transactions of the Royal Society of South Africa. 


after he saw the savage little book, he was indignant, the more so when he 
understood that the professors of Paris openly disapproved the same work. 
He had also heard the men of Montpellier condemn this writing ; nay, more, 
he had learned that Fuchs at Tiibingen, Massa at Venice, and Rondoletius 
at Montpellier were freely teaching anatomy against Galen. Impelled by 
all these facts, Henerus on 11th November 1554 published at Venice a 
Defence of Vesalius against the writings of Dubois and a justification of 
his action. And inasmuch as he confesses that he has never seen Vesalius, 
so much the more do we believe that he acted from a love of truth and 
from zeal for justice. In any case he pays Dubois back in his own coin 
in this piece of writing. Nor did he make any reply to the trouncing. 
Again in 1562 Francis Puteus, a doctor of Vercelli, published a defence of 
Galen against Vesalius, in which book, after a learned preface on the dis- 
coverers of medicine, he assails Vesalius sharply. 

To him on the 20th March 1563 replied Gabriel Cuneus of Milan, who 
taught anatomy at Milan and Pavia, in a writing in which he plies Puteus 
with very caustic wit. Cardan in his autobiography says that it was 
Vesalius, having assumed this name, who was author of the reply. The 
style confirms this, and the orthography which is characteristic of Ves» lius. 
But especially does the true author betray himself under his assumed name 
when he relates that as an army doctor he examined many German and Swiss 
corpses. This is very applicable to the military doctor in the imperial 
army, hardly toCuneus. Wherefore we have included this piece here among 
the writings of Vesalius. 

Gabriel Falloppius of Modena, a constant admirer and disciple of Vesalius 
for many years, professor first at Pisa, then at Ferrara, and finally at Padua, 
published in 1561 his anatomical observations, after he had first taught 
publicly for thirteen years in Ferrara, and had already held schools of 
anatomy for his pupils for eight years. He confessed that he owed to 
Vesalius all the truths he had to offer in anatomy. But he here added many 
new discoveries to Vesalius and corrected him on many points. He found 
fault with Vesalius’s forwardness in criticising Galen, nevertheless he says 
that Vesalius was substantially right in his remarks. If the book be read 
in conjunction with the work of Vesalius it presents an almost perfect 
anatomy, while serving the function of arunning commentary. Accordingly 
we have united here works that ought never to be separated. This book, 
the best of all books on anatomy, hit Vesalius hard. He saw the truth well 
enough ; but meanwhile in the court at Madrid, so destitute of all anatomical 
equipment that he could not come by even one skull, he prayed in vain for 
an opportunity to arise of practising the art again. Nevertheless he pre- 
pared an answer and finished it off on 27th December 1561, in the royal court 
at Madrid. It can readily be understood that this work could be no match 
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for the writings of Falloppius, and that it does not equal Vesalius’s former 
standard of wisdom in this matter. For twenty years he had been far from 
anatomy, lacking every anatomical instrument and with no opportunity 
for examining bodies, wholly bound down to the routine of the court. 
Accordingly he is frequently brought to a standstill, he denies the truth, 
he often makes unproved assertions ; but in spite of all there are many good 
things to be found even in this book. 

He had written his reply to Falloppius, he had given the book to Paolo 
Teupulo, ambassador of the Venetians with the King of Spain, to give to 
Falloppius at Padua. But the legate was delayed by war, with the result 
that finally in 1562, when Falloppius was dead, he reached Padua. Accord- 
ingly Teupulo kept the document and suppressed it, until Vesalius, en route 
for Jerusalem, saw to its publication at Venice on 24th May 1564. Vesalius 
felt deeply hurt by the observations of Falloppius, and complains that : 
“Gabriel Falloppius, my cleverest pupil at one time in the academy at 
Padua, took everything from me, and then had the face to turn my own 
weapons against me, to kill me, butcher me, and proclaim my banishment, 
as the saying goes, from the whole world’ (Surgery, II, chap. ii, p. 948). 
But assuredly if Falloppius had survived to see the answer he would have 
had plenty to reply. See the work on Surgery,* where Vesalius says, after 
this discussion, that the muscles controlling the eyes in voluntary motion are 
not five, as Columbus, Valverda, Falloppius, and Borgantius falsely think, 
but seven in all, an’t please the gods! Who can free him from the charge 
of wilful ignorance ?- 

He spent the rest of his life in the court first of the Emperor, whither he 
was summoned shortly after 1543, and where he was greatly admired for 
his skill in healing and in prognosis. For when a strange and mighty 
tumour on the back of a man baffled Adolph Occo, Achilles Piriminus, and 
Grasserus, famous doctors of Augsburg, Vesalius being brought into con- 
sultation made an examination and immediately pronounced it to be a 
dilatation of the great artery. A post-mortem examination revealed that the 
artery was dilated to an enormous.size and full of clotted blood, as Vesalius 
had foretold ; whence all were irresistibly filled with admiration. Also when 
Maximilian, Count of Buren,t the ambassador, came back from England in 
1548 and was in great distress with angina at Brussels, Vesalius, so excep- 
tional was his judgment, foretold the hour and almost the moment of death 
to the patient. The Count, despairing of recovery, ordered a banquet to 
be prepared on a great scale, with all his treasures and silver plate brought 
out, and invited his friends. Reclining with them at table he distributed 


* The text has merely V.C., which I interpret Vide Chirurgica. I have been unable 
to trace the reference. 
+ Presumably Buren in Gelderland. 
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gifts with the utmost liberality, and with a perfectly unshaken mind spoke 
his last farewell; then being placed upon his bed, at the hour and the 
moment foretold by Vesalius, he breathed his last. Hence Thuanus 
honours him with the highest praise. 

Then, when Charles V-laid aside his imperial and royal honours in 1555, 
he lived as doctor in the court of Philip II, King of Spain, whose highest 
favour he deserved. For when the King’s son Charles, owing to a blow on 
the head, lay so like to death that it was thought that all was over with 
regard to him, the King brought Vesalius, who was detested by the Spaniards, 
to the prince; he promptly pointed out the cause of the trouble and the 
only remedy ; and then, at the King’s command, carried it out, making an 
incision into the pericranium ; whereupon the prince, who had been given 
over by the Spanish doctors, forthwith recovered. These doctors had 
previously cast scorn on Vesalius in the presence of the King as one who knew 
some trifle about the outer surface of the body, but nothing of internal 
complaints. He did then so prosper at court that he declares he had no 
cause to envy any doctor in Europe. When, however, he was at the height 
of his prosperity, fortune prepared a sudden reverse for the great man. 

He had as patient a Spanish grandee, and lamenting his inability fully 
to determine the cause of the disease, he asked permission from the friends 
of the deceased to open the body, in order to investigate the nature of the 
disease and the cause of death. The permission was given, the breast was 
opened, the heart was seen still to beat. The relatives accused him of 
homicide before the judges, and of impiety before the tribunal of the Spanish 
Inquisition. His knowledge was against him ; indeed, it did not seem that 
ignorance could excuse the great anatomist who was rightly believed to 
have the clearest insight into the signs of death and life.* The Inquisition 
accordingly wished to exact the supreme penalty from the accused. Nor 
could the King prevail, either by his authority or by his prayers, to save 
Andrew, his dear friend of two-and-twenty years’ standing. At last he 
was surrendered to the King and the whole court, who joined in the plea 
for his safety, on condition that he should expiate his crime by under- 
taking a pilgrimage to Jerusalem. Accordingly Vesalius went to Venice 
as an exile in 1564; and thence with James Malatesta of Ariminum, who 
was captain of the land forces of the most noble republic, he voyaged to 
Cyprus, and then to Jerusalem. From there he received a summons from 
the Venetian senate, with the offer of a most generous salary, to come 
to Padua as successor in anatomy to Falloppius, now long dead. Accord- 
ingly he returned; but being cast by contrary winds on the shore of the 


* The motion of the heart after death would have been no surprise to Vesalius, who 
notes (Collected Works, p. 515): ‘‘ Furthermore, in vivisection, as the: motion of the 
heart fails, the auricles beat and stir for a considerable time.” 


| 


The Life and Work of Andreas Vesalius. 73 


island Zacynthus, in a deserted spot, helpless, lacking all support, he most 
wretchedly perished in the month of October in the same year, being scarce 
fifty years old ; and his body would have been cast out for the wild beasts 
to prey on, were it not that at that very moment a goldsmith who knew 
him came upon the scene and gave him a cheap burial by the vhurch of the 
Blessed Mary, with this inscription : 


The Tomb of Andrew Vesalius of Brussels 
who died October 15, 1564 
in the fiftieth year of his age 
on his way back from Jerusalem. 


And thus it was at length that the dreadful tyranny of the priests took 
off this man by a horrible kind of death—a man whose like no other age 
produced, whose memory medicine will always delight to honour, so long 
as people care to be healthy. Nor are we surprised at the hatred of the 
ecclesiastics for this hero. His life was cast at a time when the true culture 
of languages and the liberal arts was reviving. It was at that time the 
delight of those devoted to the study of letters to expose, to mock, to 
ridicule the gross mistakes of the monks everywhere. Accordingly Vesalius 
also scored wittily off them many a time. He could not endure that men 
totally ignorant of the structure of the human body, which in very many 
particulars is the same in man and the lower animals, should level at him 
threats of an accusation for heresy, if the anatomist should freely express 
his opinions on the function of the brain: * ignorant men endeavouring 
to frighten men who knew. Further, he bore with impatience the presump- 
tion of the ecclesiastical censors, hating their lofty scorn and crass ignorance. 
Nor did he hold his tongue, but roused their hatred by his words. On 
occasion also he indulged in playful talk against the morals, rites, and 
clothing of the monks, so that one can hardly read without laughing his 
rather free comments, when dealing with the muscle cucullaris (trapezius), 
about the dress of the Benedictines, Franciscans, and Jacobites. Nor did 
he spare the scholastics, Albertus, Scotus, and Thomas, but laughs at their 
wild imaginations in inventing parts of the brain,t which they spun out of 
a childish effort of thought in order that on unsupported authority they 


* Vesalius observes (Collected Works, p. 515): “* Lest I should encounter some imputa- 
tion of heresy I shall quite abstain from this discussion on the kinds of soul and the 
positions where they are located. For to-day, and especially among my own countrymen, 
you find so many ready to act as judges of our most true religion. And these men, if 
they hear anyone mutter a word about the opinions of Plato, or Aristotle, or their com- 
mentators, or Galen on the soul, straightway they suppose him to be unsound in the faith 
and to find I know not what difficulties in the doctrine of the immortality of the soul.” 

+ Vesalius’s words on this point deserve a more extended quotation (Works, p. 536) : 
“ Up to this point I have been able, by dissecting living animals, to determine the functions 
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might be able to assign absurd faculties to imaginary parts. He then 
betrays the chaste and holy morals of these men, relating in high spirits 


of the brain with a considerable degree of probability and truth. But I do not at all 
understand as I should like how the brain functions in imagination, reasoning, thought, 
memory (or in whatever other way you choose to subdivide and enumerate the faculties 
of the First Soul, accepting the dogmas of some one or other). Nor do I think an anatomist 
ought to pursue the inquiry further, even though the theologians take away all reason and 
almost all the faculties of what in us is called the First Soul from the brute creation. Yet 
in the structure of their brains the monkey, the dog, the horse, the cat, and every four- 
footed animal I have seen up to now, all birds, and most kinds of fish, correspond pretty 
well in every part to man; and the dissector meets with no distinction that compels him 
to conclude otherwise about the functions of those animals than about man. It might, 
of course, be justly observed that the mass of the brain is largest in man, the most perfect 
animal we know, and that his brain is found to be larger than those of three oxen; and 
that proportionately to the size of their bodies the monkey and the dog have the next 
largest brains, as if animals excelled in the size of their brains according as they are 
obviously and openly endowed with the powers of the First Soul. But the more I examine 
the nature of the heart, the liver, the testes, and the organs that serve them, whose 
functions (not to speak of generation and corruption) are indisputably common to us 
with many animals, the less do I think I ought to come to any conclusions on the functions 
of the First Soul that differ from the teaching of our most holy and true religion. Where- 
fore I am the more astonished that in the scholastic theologians just as in the vulgar 
philosophers we read that the brain of man is endowed with three cavities ; the first of 
these is coterminous with the forehead and is called the cavity of common sense, because 
from this the nerves of the five senses are sent down to their organs, and because by the 
agency of these nerves smells, colours, tastes, sounds, and tactile qualities arrive at the 
cavity. Accordingly these men suppose that the prime function of the first cavity is 
to receive the objects of the five senses and send them along by a kind of passage into the 
second cavity, placed in the middle of the head, so that it may be able to imagine, reason, 
and think about the objects. For to this second cavity they assign thought, or reason. 
The third, which claims for itself the occiput, they consecrate to memory. For their 
theory is that the second cavity makes a convenient storehouse of the third for all those 
objects of sense which, after ample reasoning, it decides to commit to memory. They 
suppose then that the third cavity, according as it is moist or dry, engraves with corre- 
sponding speed or slowness, these sense objects, as if on wax, or on hard stone; and 
according to the ease or difficulty with which the engraving is done, preserves what they 
entrust to it for a shorter or 4 longer time. But it is not for its own sake that this third 
cavity retains or engraves these things, but for the sake of the second cavity, so that as 
often as it proposes to ratiocinate about something it has entrusted to the safe-keeping 
of the memory, the latter may quickly forward it, whatever it is, and send it up for use in 
the thought-factory. 

“« Now such fancies are assuredly only possible to those who have never examined the 
skill of God, the Creator of all things, in the structure of the human body, and who 
arrogate to themselves the right to form uncontrolled opinions on all things ; nor in truth 
are they free from grave impiety. How far astray they are in their account of the con- 
struction of the brain the following discourse will show. I shall follow the same method 
I employed in Books v and vi, and shall proceed, after this perfunctory description 
of the brain, to explain the several parts of it separately, together with all the sense 


organs.” 
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how his students brought to the theatre for anatomical purposes the body 
of a pretty little harlot, with whom the reverend father had been in love, 
which they had stolen from the tomb, the monk being driven almost mad.* 
By spreading such stories he inflicted a wound in the breast of the whole 
order, and he was made to feel the undying wrath of a crew who never 
forgive. To this there was added the envy of the Spaniards, who could 
ill endure the reputation of the German at court; and his happy success 
increased their jealousy. Accordingly Argentinus writes plainly that 
Vesalius, because he had written against Galen, was all but shut out of the 
Emperor’s court and household. And the followers of Galen never ceased 
plotting against him, although they ought to have rewarded him with 
love, not hate, if only they had been more loyal to their senses than to 
human prejudices, and had considered what advantages he conferred by 
that divine work on anatomy, not only on the art of medicine but on all 
mortal men. But these circumstances combined with the former to effect 
the ruin of the man. 

He wrote and published in 1537 a paraphrase to the ninth book of 
Rhazes. In this he calls himself Andrew Wesalius, and calls it his first 
youthful effort and the prelude to his studies. In 1538 he published 
additions and corrections to the Institutes of Guinther. In 1539 a letter on 
venisection in pleurisy. In 1540 a description of the first anatomical plates 
printed at Venice. In 1543 seven books on the structure of the human 
body, printed at Basle. In 1543 an epitome of his own books on the 
structure of the human body, printed at Basle. In 1546 a letter on the use 
of the root China. In 1555 the seven books on the structure of the human 
body, enlarged and altered, at Basle. In 1563 a defence of Puteus. In 
1564 an examination of the observations of Falloppius, already written in 
1561. From 1540 to 1564 many medical advices, which can be found 
in Ingrassia, Montanus, Garetius, Scholtzius, ete. His Surgery he finished 
after 1561, as is clear from many passages. Would that there still survived 
entire along with these the writings which we have said above that he 
burned. 


* Boerhaave and Albinus obviously enjoy reporting anything they can find in the 
writings of Vesalius that reflects discredit on the Church. Here they have exaggerated 
the distress of the monk, presumably out of their enjoyment of it, and have omitted a 
particular which is of more interest as reflecting the desperate expedients to which 
anatomists resorted at a time when bodies were difficult to procure. Vesalius’s account 
(Works, p. 463) is as follows: ‘‘ The next I examined was a pretty little harlot, belonging 
to a certain monk here of the order of St Anthony. She had died suddenly as if of an 
apoplexy. The students at Padua stole the body from the tomb and brought it for public 
dissection ; and they were at the extraordinary pains of stripping the whole body of its 
skin to prevent its being recognised by the monk, who was gone with the girl’s mother 
to the mayor to complain.” 
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Just a few words on the writings of Vesalius. They are of such a kind 
that in this department they snatch the palm from all others. Nobody 
indeed can be without them who cares for natural history, the pre-eminence of 
man, or medicine. The surgeon will be able to draw from this source alone 
all that he wishes to know for the understanding and cure of wounds, ulcers, 
tumours, dislocations, and fractures. Let nobody, however, think that 
only the description of the grosser parts is given here. As a matter of fact 
much could be found here which is regarded as most subtle in the art, facts 
vaunted by many even to-day as brand-new discoveries. If anyone follows 
with attentive mind what he writes about the oval opening between the 
two great veins, and the membrane attached to it, and about the duct 
connecting the two great arteries, and further about the venous duct 
which stretches from the large sinus of the portal vein into the vena cava, 
all of which things are peculiar to the foetus in the womb, he will be spell- 
bound with admiration. Then when he tells of the position, size, and func- 
tion of all these, the accuracy of the man must be only the more highly 
prized in that the books of more recent writers contain many false statements 
on these points. Examine the words in which he describes the entry of 
the optic nerve into the base of the eye, and you will see that you could 
want nothing better. Consider what he has written about the ligament 
which joins the body of the penis to the pubic bone, about the site of the 
insertion of the ligamentum teres from the acetabulum into the head of 
the femur, about the layers of cartilage in the joint of the knee and thigh, 
about the hepatic duct, the cystic, the common duct, the gall bladder, the 
bile of the foetus, the bile of the hungry: every word is a witness to the 
great industry of the man. He also opened the bodies of living creatures, 
so that he might see with his eyes the actions of the body ; and the beauti- 
ful discoveries that he made thereby are excellently described. He very 
frequently opened the bodies of men whose diseases had been known to 
him, in order to investigate the causes of disease and death. Hence he made 
the most pertinent comments on jaundice ; he records most beautiful ob- 
servations on haemorrhoids ; he put forward the most choice ideas about 
the spleen; in a word, he collected so much information for his own use 
from his dissections of value for the composition of a history of dieases, 
that he formed the project of carrying this out in one complete work. Oh, 
if it had only been granted to us to reap the profit of these investigations 
undertaken for the service of medicine! but fate grudged us the fruit of 
his efforts—efforts begun already in 1535 and continued right down to 
1564. From which it will be seen with equal certainty and grief what a 
precious treasure this would have been of which we have suffered the loss. 

Further, in his description of the parts he earnestly gives his attention 
to every point, even the most minute, which contributes to a true physiology 
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This can be seen everywhere. Let us take as an example the engorgement 
of the arteries and veins, for the explanation of the menstrual flow in women, 
which he nicely explains therefrom. 

As often as he was doubtful or ignorant of anything, with open candour 
he modestly confessed his ignorance, and held his peace. Often distrusting 
his own eyes, and too ready to believe Galen, he thought that he himself 
was at fault. The point he had discussed in his youth, as to whether in 
pleurisy a vein should be cut on this side or on that, he afterwards thought 
little of. He acknowledged his mistakes, and he himself exposed his own 
involuntary errors in describing the structure of the heart. Accordingly 
in a second edition he severely criticises all the places which he had subse- 
quently found less thoroughly reliable. 

Even so he retained some faults, especially where he treats of the larynx, 
the tongue, the eyes, and the kidneys. Eustachius rightly draws attention 
to this, and often referred to the matter in Rome; others took over these 
criticisms and cast them in Vesalius’s teeth. It was his eagerness to bring 
the babe to birth that produced this blindness from time to time. Indeed, 
what mortal man wrestling for the prize in the arena of glory could have 
banished this incautious haste from his mind? But the fame of the 
noble achievement of Vesalius immediately challenged rival intellects on 
all sides, whose services to the advancement of anatomy are outstanding. 
The greater number of these came from his own school, all were fired by his 
example. At Venice there came to the fore Nicolaus Massa, and Angelus 
Fortius; at Paris and then at Metz, John Guinther of Andernach; John 
Dryander at Marburg; at Paris, John Fernel, Charles Stephens, James 
Dubois, and Ludovic Vassaeus; at Zurich, Conrad Gesner; at Padua, 
Bassianus Landus, Gabriel Falloppius; at Mentz, Walter Hermann Ryft ; 
at Frankfurt, Jodochus Willichius Borussus ; at Tiibingen, Leonard Fuchs ; 
at Valencia, Ludovic Collado ; Renatus Henerus; John Valverda in Spain ; 
at Pisa, Realdus Columbus; at Bologna, Bartholomew Magius, Volcherus 
Coiter, Julius Caesar Arantius ; at Ferrara, John Baptist Cannan ; at Pavia, 
Gabriel Cuneus, Martyr Tronus; at Montpellier, William Rondelet ; at 
Basle, Felix Plater, who proclaims Vesalius as his teacher in the inscription 
on the skeleton at Basle. But one man who singly equalled, nay excelled 
all the rest, came into prominence at Rome, Bartholomew Eustachius of 
San Severino, surpassing all the rest in anatomical knowledge and in the 
practice of the art, a man incomparably skilful and accurate in presenting 
the nature of the human body in illustrative plates. He declares that he 
had these plates already finished in 1552 ; and he appears to have fashioned 
them according to the most strict geometrical dimensions in order to com- 
pare the writings of Galen and Vesalius with Nature herself, and thus put an 
end to the dispute between the rival parties. An examination of the 
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figures plainly shows this, as the poem of Pinus prefixed to the plates of 
Eustachius also testifies. Vesalius would have found a doughty opponent 
if, during his life, Eustachius had published his book, written to explain 
his plates, on the agreement and disagreement of the anatomists.* Eusta- 
chius recognised the merits of Vesalius, but he condemned his eagerness to 
find fault with Galen. Vesalius seems to refer to this man where he says 
that they are triflers who, loyal rather to the opinions of authors than to 
the truth of the facts, declare that he is unwilling to see the holes in the 
cuneiform bone ; and they interpret the meaning of Galen in different ways. 

Now just as many people thenceforward derived their anatomical 
writings from those of Vesalius, so also, while he still lived, in many 
places and at different times they copied his plates, not without a disgraceful 
reduction both of their size and beauty. He seems to have found it harder to 
bear this than the sharpest invectives of his adversaries. A printer Geminus, 
who had lived with him, had made, without any dissection, a compendium 
of his books, as others also did, to the impairment of his art. Then in 
England he had copied the figures of the Epitome, confusedly and inartisti- 
cally, but at great expense, in such a way that Vesalius was ashamed that 
men should think that these had proceeded from him; for he complains 
that the branches of the vessels, the delineation of which had been his achieve- 
ment, had been so spoiled that he scarcely saw any proof of his own efforts ; 
and everything had been shamefully reduced without preserving any true 
scale. He openly declares that he prefers to suffer the loss to his private 
purse and make a free gift of his figures and of everything else to any printer 
whatsoever, than that what had been won with no common toil should be 
so shamefully debased. He complains that he, out of regard and fear of 
these epitomisers who know nothing of dissecting, is compelled to study 
brevity ; whereas otherwise in his second edition he had many, and withal 
very useful, facts to add. 

Now this, reader, is what we have thought it most important to tell you 
in the forefront of the work. Our description of the life of the author has 
been taken especially frém his own writings and from Thuanus, Zwingerus, 
Riolan, Petrus Castellanus, John Schenkius, Melchior Adam, van der 
Linden, Merklinus, and Plater. 


LEYDEN, Ist November 1725. 


* The Anatomical Plates of Eustachius were ready in 1552, but through poverty he 
was unable to publish them. They lay for long neglected, and were first published in 
the eighteenth century. The best edition is that of Albinus in 1744. Each plate is en- 
closed in a border consisting of a minutely graduated scale, intended to help the student, 
in accordance with a method carefully described by the author, to locate precisely the 
parts described in the text. Unhappily, of his forty-nine plates, Eustachius left 
descriptions only for the first eight. 
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THE BREEDING HABITS AND LIFE-HISTORIES OF TWO RARE 
SOUTH AFRICAN AMPHIBIA.—I. HYLAMBATES NATAL- 
ENSIS A. SMITH. II. NATALOBATRACHUS BONEBERGI 
HEWITT AND METHUEN. 


By Vincent A. WaGER, M.Sc. 
(With Plates V-X and four Text-figures.) 


I. HytamBates NATALENSIS. 


Distribution.—H ylambates natalensis is a very rare frog in collections, 
and has only been recorded from Durban, Pinetown, Umvoti, and Port 
St. Johns. The type specimen was taken on the marshy banks of a small 
river a little to the west of Port Natal. The specimens described were 
collected by the author at Port St. Johns in January 1929. 

Halbitat.—The slopes of the mountains that enclose Port St. Johns are 
covered with a dense forest vegetation in which these tree frogs live. The 
numerous kloofs are wet and contain running streams of water, and occa- 
sionally marshes occur at the foot of the mountains. Although very few 
adult specimens were seen, large numbers must occur in the neighbourhood, 
for in certain places the pools abounded in tadpoles and young frogs; and 
the forests resounded with their raucous voices. 

7 Adult Frogs.—In one marshy spot on the edge of the forest one or two 
males could often be seen sitting quietly on the leaves of a giant arum lily, 
and in all about a dozen were collected at this spot. They sit quite motion- 
less on the upper surface of the leaves, exposed to the hot rays of the sun, 
for hours, and although they are green in colour they can be spotted at 
once. They can be caught with ease, for they will not move until actually 
touched, and the leaf may be violently agitated without disturbing them. 
During the day they appear to be very lethargic, but at night those under 
observation in captivity became extremely agile. When disturbed they 
are very quick in their movements and make surprisingly long jumps. 
They jump in such a manner that whilst in the air their bodies are practically 
vertical with the legs spread out, so that when jumping towards a wall they 
land on all four feet at once (fig. 1). The pads on the toes are large, and 
a jump often ends abruptly by one pad coming into contact with some 
object so that the frog swings round on to it. The head is very large com- 
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pared with other frogs, and the eyes are extremely large and bulge right 
out from the head (fig. 2). The antics of these frogs are very quaint, and 
the manner in which they cock their heads on one side and gaze at an 
object for some time before jumping on to it is ludicrous. 

A number of males were measured, and they were all found to be of the 
same length—3-7 cm. They were a light green in colour, with slightly 
darker irregularly-shaped patches on the back, each bounded with a faint 
black line. The legs and arms were banded, and the markings on the side 
of the head between the snout and the eyes were very pronounced. 

Their call is peculiar, and when once heard cannot be mistaken. It 
consists of a loud raucous “ah,” “ ark,” or ‘ arrk,” like a short, sharp 
bark, repeated at long intervals. 

Only one female was found, and this in a mass of foliage at the water’s 
edge. This frog was larger than the males, being 4:7 cm. in length, and 
was of a dark buff colour with vivid light green blotches bounded by thin 
black lines on the back, and the bands on the legs and the markings at the 
sides of the head more conspicuous than in the males. The throat was 
mottled brown instead of being completely white as in the males. 

Breeding Habits.—The female just mentioned was heavy and distended 
with eggs, and was caught within a few feet of a male. When placed 
together in a large jar the male immediately embraced the female, his fore- 
feet under her armpits. Twenty-four hours later a few large yellow eggs 
were laid on some leaves in the jar but out of the water, and two hours 
later all the eggs, which numbered about 180, had been deposited. 

Under natural conditions the eggs are also laid out of the water in a 
mass, a procedure not very common amongst frogs. Besides those laid 
under observation five other masses were found. 

The first mass of eggs was found on the basal portion of the stalk of an 
arum lily leaf growing in mud near the edge of a swamp. The eggs were 
about 3 inches above the ground-level and 18 inches from the water, 
and were more or less covered by a decaying sheath of a leaf. The eggs, 
185 in number, were in a mass touching each other, and there was no 
visible sign of any jelly capsules. 

Two egg-masses were found near each other in the folds of an old decay- 
ing sack, also on the edge of the swamp, and about 20 inches from the 
water. One mass was found on the mud also in this swamp about 2 
feet from the water, and the last was in a kloof on a heap of decaying leaves 
(fig. 3) under a shrub and over 3 feet from a swiftly flowing stream. 

In every case the vegetation above the eggs was extremely dense, so 
that the mud would not easily dry out but would retain its moisture for 
some weeks. 

This manner of egg-laying is rather remarkable, for the tadpoles on 
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hatching have to wriggle in a mass to the water, where their further develop- 
ment hes to take place. Those tadpoles in the folds of the sacking would 
no doub: have had a trying time and a lengthy one in getting out, but, 
as was shown in an experiment, the young tadpoles are able to remain 
alive for the extraordinary length of time of six weeks before entering the 
water. 

It is a surprising fact that H. natalensis is so similar in its breeding 
habits to Hemisus marmoratum recently described (1). Both lay their eggs 
in a mass, though those of Hemisus are in an underground chamber, and 
in both the tadpoles have to wriggle in a mass to the water, those of Hemisus 
in a tunnel which the parent digs. 

Eggs.—The eggs are pure yellow in colour, and each is approximately 
3 mm. in diameter. After about two days’ incubation, however, the eggs 
increase in size, becoming 4 mm. in diameter. When laid the eggs are 
very sticky, so that the whole mass soon becomes glued together and to 
the objects on which they are deposited. When placed in water, however, 
a jelly capsule becomes apparent 5 mm. in diameter. 

Incubation.—A mass of eggs was kept under observation under fairly 
natural conditions in a tin full of damp soil and leaves. 

The eggs developed very slowly, for after six days only the small com- 
pletely yellow embryo was seen projecting on the surface of the egg. 

After eleven days the embryos, now black in colour except for the 
yolk, which took up most of the egg and was still yellow in colour, were 
beginning to wriggle. ° 

Thirteen days after the eggs had been laid some of the tadpoles were 
beginning to break through the capsules. 

At this stage half of the eggs were put into water (a), and the other half 
left in the damp tin (0). 

(a) When put into the water the egg capsules broke, and the tadpoles 
emerged immediately and swam about in a lively fashion. 

(6) In the tin three days elapsed and still very few tadpoles had hatched. 
The lid of the tin was then inadvertently left off, and an hour later it was 
found that every egg had hatched (possibly having been stimulated by 
the sudden lighting of the receptacle). The tadpoles were together in a 
mass and quite motionless ; suddenly one moved, and the whole lot wriggled 
convulsively and then remained quiet. After a short time they all moved 
again, and so it went on—a rest and then a move. 

Whether the tadpoles have any sense of direction to enable them to 
move together towards water is hard to say, and unfortunately no facilities 
were available at the time for experimenting in this direction. Wherever 
the eggs were laid there was no direct approach to the water, but dips, 
undulations, and vegetation were in the way, but the tadpoles demonstrated 
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their ability for overcoming obstacles by wriggling in a mass up the sides 
of the tin. 

Single tadpoles can move rapidly by tortuous movements of the body 
and long tail, and by flicking their tails can even jump considerable distances 
up to twice the length of their own bodies. 

Length of Time before Reaching the Water.—Two experiments were carried 
out to find out how long the tadpoles could remain alive out of the water. 

In the first éxperiment, after fifteen days the tadpoles in the damp tin 
were still alive, but were fairly thin and practically all the yolk had been 
used up. They were quite lively, however, when placed in an aquarium, 
and they swam around rapidly in all directions. 

Half of the second batch of newly-hatched tadpoles was placed in a glass 
jar lined with blotting-paper, which was kept continually damp. At the 
end of six weeks one tadpole died, and the rest looked as if they might 
die at any moment. The yolk had long since been absorbed and the tad- 
poles were extremely thin and emaciated. The buds of the hind legs were 
visible, and the tadpoles were only slightly longer than when they hatched. 
When placed in water, however, the gills appeared to begin functioning 
immediately, for the water was taken in through the mouth in gulps. The 
tadpoles began to revive slowly, and after a few hours were swimming about. 
It is interesting to note that the other half of this batch of tadpoles, having 
been put into the water on hatching, had during this period of six weeks 
fully developed into frogs. 

Mode of Respiration.—The newly-hatched tadpole has no external gills, 
and none are produced subsequently. External gills are present, however, 
in the embryo after approximately six days of incubation, but they are 
re-absorbed before the tadpole leaves the egg. 

A well-developed network of blood-vessels is present over the ventral 
surface of the body of the newly-hatched tadpole. This network is very 
distinct and striking when viewed through a hand lens, as the red vessels 
stand out prominently against the yellow of the yolk. In this respect the 
tadpoles are identical with those of Hemisus marmoratum. Whether this 
network of blood-vessels affords a means by which respiration takes place 
appears, according to de Villiers in a recent paper (2), to be questionable ; 
but in spite of their origin embryologically it seems possible that respira- 
tion could take place in this manner. At any rate, the fact that these 
tadpoles can remain alive out of the water for a considerable time shows 
that respiration, other than by means of the normal internal gills (which 
of course are functionless out of the water), does take place, and that appar- 
ently with ease. 

Description of One-Day-Old Tad poles.—The body is 4 mm. and the tail 
10 mm. long. The ventral surface of the body is 2 mm. in diameter, and 
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very prominent owing to the yellow colour of the yolk, which fills the few 
coils of the intestine. 

The mouth is well formed; the horny jaws are present, and also two 
rows of teeth below the lower jaw, and the whole is surrounded by the 
papillate lips. 

Tadpoles Three Days Old.—The body measures 5 mm. and the tail 
12 mm. in length. The blood-vessels are much less prominent, and a black 
area has appeared in the middle of the ventral surface of the body where 
the yolk is being absorbed out of the intestine. 

Tadpoles Five Days Old.—The body measures 5-5 mm. and the tail 13-5 
mm. Practically all the yolk has been used up, and the intestine is now 
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Fic. 4.—Hylambates natalensis : lateral and dorsal views of full-grown tadpole. 


full of food and black in colour. Above the upper jaw there are one 
complete row and two divided rows of teeth, and three complete rows 
below the lower jaw. 

Older Tadpoles.—The hind legs start developing when the tadpole 
is about 35 mm. long. The tail is two and a quarter times as long 
as the body. The mouth has now one complete and three divided 
rows of teeth above the upper jaw, and three complete rows below the 
lower jaw. 

Full-grown Tadpoles.—The maximum length of the tadpoles is 51 mm., 
the tail being two and a half times as long as the body. 

The general shape and appearance of the tadpoles can be judged from 
the figs. 4, 6, and 7. The top of the head between the eyes is slightly 
rounded, and the eyes are between the top and sides of the head, so that 
the lenses are oblique. 

The distance from the snout to the end of the body is approximately 
three and a half times the distance between the snout and the eyes. 


Z 
9 
| 
ae 


84 Transactions of the Royal Society of South Africa. 


The spiracle is on the left side of the body and midway between the 
snout and the vent. 

The anus fold is situated slightly to the right side of the mid-line. 

Mouth.—There are one complete and three divided rows of horny teeth 
on the upper lip, and three complete rows on the lower lip, as shown in 
fig. 5. The number of teeth in the different rows is roughly as follows : 
Upper lip—first row, 160; second row, 110; third row, 80; fourth row, 50. 
Lower lip—first row, 140 ; second row, 140; third row, 160. A double row 
of small papillae surrounds the lower lip, and a single row extends a short 
distance up each side of the upper. It may be noted that these tadpoles 
differ greatly in the characters of the mouth parts from that figured by 
Noble (3) under the name of Hylambates maculatus. In this connection 
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Fic. 5.—Hylambat talensis : mouth of full-grown tadpole. 


Hewitt states that it is probable that the latter tadpoles were incorrectly 
identified, and belong to the genus Cassina or some near ally thereof. 

Tail.—The tail widens very slightly from 6 mm. (the width of the body) 
to a point two-thirds from its end, where it is 7 mm., and from there it 
slowly tapers to the end, as shown in fig. 4. 

Colouration.—The tadpole is of a uniform dark olive-brown or dark 
grey colour over the head, body, and tail. The ventral body-wall is trans- 
parent in the young stages, and the coils of the intestine are clearly visible. 
As the tadpole gets older, however, this slowly becomes opaque, and in 
metamorphosing tadpoles the ventral body-wall is quite white. The tail 
and upper crest are darkly and densely mottled, but the lower crest is quite 
colourless. 

The tadpoles have no peculiarities or specially distinctive features by 
which they may be identified in the field. 

Those tadpoles reared from eggs in an aquarium showed no difference 
in colouration, dentition, or measurement from those collected in the field. 
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Habits.—The tadpoles found in the shallow pools in the kloofs were 
very sluggish in their actions and could be easily pushed into the net. 
They appear to prefer the shallow water, living amongst small stones and 
dead leaves, but when suddenly disturbed or startled they dash off into 
the deeper water and hide amongst the stones. In the aquarium the tad- 
poles swam slowly about, feeding on the stems of water plants, which 
they seemed rather fond of. Occasionally they would dash to the surface 
at the side of the aquarium and attempt to jump or flick themselves out. 

The intestine is between two and two and a half times as long as the 
body, and contained nothing identifiable beyond a few diatoms; its con- 
tents appeared to consist of chewed-up decaying leaf tissue. 

Metamorphosis.—As soon as the hind legs are fully developed the tad- 
pole rapidly begins to change colour from dark olive to pale buff, with the 
distinctive irregular-shaped green markings on the back. The legs become 
banded, and a very conspicuous bright yellow patch appears over the knee 
joint. The markings around the mouth and head, so characteristic of the 
adult, become very apparent. 

No tadpoles beyond the two-legged stage were ever seen in the pools 
and streams at Port St. Johns. In the aquarium it was found that the 
changes from tadpole to frog are extremely rapid. The moment the front 
legs appear the young frog, still with a complete tail, leaves the water 
and climbs out on to some foliage (fig. 8). 

The front legs are also banded and also have a bright yellow patch on 
the elbow joint. The tail is very rapidly absorbed, and the young frog is 
an exact replica of the adult. Metamorphosing frogs were encountered in 
considerable numbers amongst the foliage in close proximity to the pools. 
Their vivid markings do not camouflage them in any way, but rather make 
them conspicuous on a green background, so that they may be easily 
found, especially as they generally choose the blade of a leaf in an exposed 
position. Like the adults, the young frogs are very easy to catch, for they 
will not move until they are actually touched. 

In a large aquarium with a plentiful food-supply the time taken for the 
newly-hatched tadpoles to become frogs was just six weeks. In a small 
aquarium after three months the tadpoles were still only half-grown. 

About a dozen young frogs reared from eggs were kept alive in a vivarium 
for two years, and proved most interesting little creatures. An interest- 
ing point that was brought to light by studying them in this way was the 
fact that they do not catch their prey in the ordinary manner of frogs. 
Upon seeing an insect some distance away they either jump to another 
branch near it or else run rapidly along the branch until one or two inches 
away. They then jump right on the insect, grabbing it as they land. 
As they get older, larger, and more expert their leaps on to their prey 
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become much longer. A young Cacosternum boettgeri that was living with 
them would snap up a dozen white ants whilst the Hylambates was making 
up his mind and getting ready to jump on one, and when he did grab the 
ant he invariably got his mouth full of bits of dirt and sand as well. 


The frog whose breeding habits and life-history have been herein 
described was identified by Hewitt as Hylambates natalensis. This species, 
however, is included by Ahl (4) in the genus Leptopelis, which has been 
separated from Hylambates on the character of the pectoral girdle. In 
correspondence with Hewitt on this matter he states that Hylambates 
natalensis does not agree with either group, being in a sense intermediate. 
The omosternum is not forked posteriorly, and the metasternum is a carti- 
laginous plate, bifid behind. 


II. NATALOBATRACHUS BONEBERGI. 


Distribution.—Natalobatrachus bonebergi is an extremely rare frog, having 
previously only been recorded from the type locality—Marianhill, Natal. 
The frogs and the eggs herein described were collected at Port St. Johns 
in 1921 by the author, but at the time it was not discovered to which 
species of frog the eggs belonged. The specimens described were collected 
at Port St. Johns in January 1929. 

Halitat.—The numerous kloofs which occur in the densely-wooded 
mountains surrounding Port St. Johns are deep, densely overgrown, and 
dark, and very little sunlight penetrates to the bottom. Small streams of 
clear cold water flow down them, and they are usually edged with pre- 
cipitous rocky masses, which are often continually damp or dripping with 
water. Besides Natalobatrachus, Xenopus was the only frog encountered 
in these places. 

Adult Frogs.—Particular spots in these kloofs were apparently favourite 
breeding places, and one could nearly always find a few of the frogs, mostly 
males, in these spots or in'the vicinity. The frogs sit in cracks or crevices 
in the rocky walls, and are very difficult to see as their colouring harmonises 
so closely with the surroundings. Occasionally one finds the frogs on the 
ground of the kloofs, but they are not usually noticed until they jump out 
at one’s approach. The frogs are generally found after rain or in damp 
weather when the air is moist, and they prefer to sit in damp cracks rather 
than in dry ones. They are most difficult to catch, as they are extremely 
rapid in their movements and make quite long jumps. They take readily 
to the water, swim well, and usually dive down out of sight amongst the 
rocks at the bottom of a pool. 

The females are 3:4 cm. in length, the males, being smaller, measuring 
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2:8 cm. The frogs are usually dark brown in colour, although the colour 
varies slightly in different specimens, sometimes being light brown or a 
brownish green. They are usually darkly mottled on the under side of the 
body, but sometimes only slightly so. A dark patch runs backwards from 
each eye across and slightly beyond the tympanum, and is made more 
apparent as a thin white line lies just under it. The legs are generally 
banded. The distinguishing feature of these frogs is the large size of the 
suckers of the 2nd, 3rd, and 4th toes of the forefeet, as shown in figs. 9 
and 10. 

The male has no visible vocal sac, but in captivity was often heard to 
make a fairly faint metallic chirping noise sounding like “chick” or 
tweet.” 

Breeding Habits.—The eggs are laid out of the water in a peculiar 
manner that has probably not previously been encountered amongst 
amphibia, in the form of a stiff jelly cake. The cake is from an inch to 
an inch and a half in diameter and about a quarter of an inch thick, and is 
composed of a fairly thick transparent jelly, in which the eggs are embedded. 

The frogs appear to prefer rocks on which to deposit their eggs and 
where the cakes may stick flat and vertically. Where none are available, 
large flat leaves are used instead (fig. 11). In all cases, however, the eggs 
are placed so as to hang over water, so that on hatching the tadpoles can 
drop off and assume their aquatic life at once. The egg-masses are usually 
situated about 3 feet above the water, but this distance may vary from 
a few inches to as much as 12 or 15 feet. One spot was particularly favoured 
by the frogs. This was a kind of rocky alcove whose sides projected over 
the water, and after rain one was almost sure to find two or three newly- 
laid egg-masses on its walls. In one case an egg-mass was found completely 
encircling a small twig about as thick as a pencil for about an inch. 

On one occasion a female was found sitting vertically just above a newly- 
laid egg-mass, as shown in fig. 12. This frog appeared to be in quite a 
dazed condition, not even moving on being touched, and four males were 
found in crevices within a few feet of her. No frogs, however, were found 
in the actual process of egg-laying. This manner of egg-laying appears to 
have some relation to the presence of the large suckers on the toes of the 
forefeet which enable the frog to cling tightly to the rocks or leaves on which 
the eggs are deposited. 

Eqgs.—It was found that the eggs numbered about 80 in each cake 
varying from 75 to 95. 

Each egg has its own jelly capsule, and is heavily pigmented with a 
dark brown colour at one pole, being white at the other. 

The eggs vary slightly in size, measuring from 1-5 to 2 mm. in diameter, 
and the jelly capsule being roughly 4 mm. in diameter. 
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Incubation.—Very great difficulty was experienced in getting the eggs to 
hatch. It would seem that the moisture of the atmosphere surrounding 
them has a great deal to do with it. Some egg-masses were kept on the 
sides of jars containing a small quantity of water, and others were floated 
on thin cardboard in shallow dishes of water. Usually the embryos either 
died after the third or fourth day of incubation or the whole egg-mass 
shrivelled up. Only once were the eggs successfully hatched, but after 
about a week, when the tadpoles were about 15 mm. long, they died. 

It was found that the eggs alsc required very special conditions for 
hatching in situ, for one or two hot days after wet and cloudy weather 
would dry them up so that the mass could hardly be scraped off the rock 
with a knife. Quite a large number of dried egg-masses were continually 
being found on leaves or on the walls of the kloofs. The very peculiar 
conditions required for incubation probably accounted for the fact that, 
although so many egg-masses were seen, so very few tadpoles were obtained 
in the pools below them. 

After two days the form of the small embryo could be seen encircling 
the yolk. 

After four days the embryos were wriggling about although the yolk 
sac was still very large. 

After six days the tadpoles were about ready to drop off, the jelly 
becoming more liquid in consistency and sagging downwards. 

By the seventh day the majority of the tadpoles had dropped out of the 
jelly and had assumed their aquatic life. 

When four days old the embryos have small external gills ; at six days 
old these gills have become absorbed, and the newly-hatched tadpole on 
dropping into the water starts life using its internal gills. 

Description of One-Day-Old Tadpoles.—The body is 3 mm. and the tail 
5 mm. long. The yolk sac is not at all prominent, but is a light grey in 
colour. 

The horny jaws are just visible, and one row of teeth has just appeared 
on the upper jaw and one’‘row on the lower. 

Two suckers are present, wide apart and almost directly beneath the 
eyes. 

Tadpoles Three Days Old.—The suckers have almost disappeared. The 
mouth has one row of teeth above the upper jaw and two rows below the 
lower jaw. 

Tadpoles 13 mm. long.—The mouth has now one complete and two 
half or divided rows of teeth above the upper jaw, and three complete 
rows below the lower jaw. 

Tadpoles 18 mm. long.—The tail is twice as long as the body. The 
upper jaw has now one complete and three divided rows of teeth. 


“aq 
Ne 
A ‘ 
“a 
: 
{ { 
y 


The Breeding Habits and Life-Histories of Two Rare S. A. Amphibia. 89 


Tadpoles 25 mm. long.—The upper jaw has now one complete and 
four divided rows of teeth. 

Half-grown Tadpoles.—The body is 9 mm. and the tail 20 mm. long. 
The number of rows of teeth in the mouth has not changed. 
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Fic. 14. Natalobatrachus bonebergi : mouth of full-grown tadpole. 


Full-grown Tadpoles (fig. 13).—The maximum length of the tadpole is 
41 mm., the body being 13 mm. and the tail 28 mm. The top of the head 
between the eyes is flat, the lenses being oblique. The length between the 
snout and the end of the body is three and a third times that between the 
snout and the eyes. The spiracle is on the left side of the body, midway 


Fia. 13. Natalobatrachus bonebergi : lateral and dorsal views of full-grown tadpole. i: 
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between the snout and the vent. The anus fold is situated slightly to the 
right of the mid-line. 

Mouth.—The rows of teeth are arranged in the form of a triangle, as 
shown in fig. 14; this also being the case in the younger tadpoles. There 
are one complete and four divided rows of teeth above the upper jaw, and 
three complete rows below the lower. The number of teeth in the different 
rows is roughly as follows: Upper jaw—Ist row, 150; 2nd row, 120; 3rd 
row, 90; 4th row, 60; 5th row, 30. Lower jaw—lst row, 120; 2nd row, 
140; 3rd row, 150. A single row of small papillae surrounds the lower jaw 
and extends a short distance up each side of the upper jaw. 

Tail.—The tail is practically the same width as the depth of the body— 
7 mm. for three-fifths of its length, when it gradually tapers to the end. 

Colouration—The tadpole is a very light grey in colour. The black 
eyes and the two black patches next to the nostrils stand out prominently 
against the light grey of the head. The ventral body-wall is transparent, 
and the coils of the intestine show plainly through it. The tail fins are 
colourless and transparent or else minutely blotched with black, as is the 
case with the rest of the body. 

The hind legs are well developed in full-grown tadpoles, and the front 
legs can be seen under the skin of the chest. The characteristically expanded 
tips of the 3rd and 4th fingers are clearly visible. 

Habits.—Like the eggs these tadpoles appear to require most particular 
conditions under which to live. It was found quite impossible to keep 
them alive for more than two or three days, whilst other tadpoles, referring 
especially to Hylambates, lived and thrived under the same conditions, and 
in fact in the same jars. Many of the tadpoles were caught in shallow 
running water, but others again were found in large pools with only a small 
outlet. Possibly the temperature may have been the limiting factor, for 
in the dark kloofs the water is very cold. 

The tadpoles could occasionally be seen lying motionless on a stone in 
the water; but they were exceedingly rapid in their movements, and in- 
variably darted off on one’s approach. 

Metamorphosis.—Only a few tadpoles with three or four legs were 
found in the pools, the young frogs leaving the water immediately at this 
stage, hiding away under rocks or sitting in damp cracks in the rocky 
walls. The young tailless frogs are about 13 mm. long, and an exact 
replica of the adults. 


There has been some discussion, mostly based on anatomical features, 
as to whether this frog should not be named Phrynobatrachus bonebergi, 
thus doing away with the generic name of Natalobatrachus under which it 
was first described by Hewitt in 1913 (5). Noble is in favour of this, and 
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in his check list of 1924 (6) has placed this frog under Phrynobatrachus, 
and elsewhere gives his reasons for so doing. To this Hewitt has replied 
in a recent paper (7). He maintains that in the characters of the pectoral 
girdle the genus Natalobatrachus is worthy of recognition. 

The manner in which it deposits its eggs is altogether different from 
that of Phrynobatrachus natalensis, whose eggs are laid in a thin layer 
floating on the water. The eggs of the latter also differ greatly in size, 
being approximately -5 mm. in diameter as against 1-5 to 2 mm. of the 
former. Apart from anatomical considerations, therefore, this fact might 
be looked upon as sufficiently important to warrant the keeping of the 
name Natalobatrachus bonebergi. 


The type specimens of these two life-histories have been presented to 
the Albany Museum, Grahamstown, and the writer herewith wishes to 
thank Mr. John Hewitt, the Director, for his kindly assistance and advice. 
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Trans. Roy. Soc. 8. Afr., Vol. XTX. Plate VII. 
Photo by V. A. Wager. 


Photo by V. A, Wager. 


Fias. 6 and 7.—Hylambates natalensis ; tadpoles and a young frog in an aquarium. 
The water-weed is Ceratophyllum demersum. 
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Photo by Vi A. Wager, 


Fic. 8.—Hylambates natalensis : young frogs that have just 
left the water sitting on a giant arum lily leaf. (Nat. size.) 


Fig. 9.—Natalobatrachus bonebergi : male and female. 


(Nat. size.) 


Plate VIII. 
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Photo by V. A, Wager. 


Fic. 10.—Natalobatrachus bonebergi : male clinging to a perpendicular rocky wall 
in a kloof. (Nat. size.) 


Photo by V. A. Wager. 


11.—Natalobatrachus bonebergi an egg-mass on a leaf. (Nat. size.) 
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NOTE ON BRIOSCHI’S BORDERED HESSIAN. 
By Sir Tuomas Murr, F.R.S. 


1. The characteristics of the special determinant in question, it will be 
recalled, are (1) that the basis u of the Hessian is a homogeneous function, 
say of the mth degree in n variables x,, 72. . . x, ; and (2) that the bordering 
row and column are alike, namely, 


m Cu ou ou 


For example, if we limit the variables to three and call them g, y, z, Brioschi’s 
bordered Hessian is 


m ou Cu ou m 

ou Ou Cu 

or or B say. 
ey by? byez Ug Uy 


2. Attention was first drawn to it in his text-book of 1854, and, be 
it noted, not in the section devoted to Hessians (§ 11, pp. 106-116) but in 
that dealing with linear equations and elimination (§ 4, pp. 12-21), the 
justification being that it is the natural eliminant of a set of Euler’s equalities 
regarding the differentiation of homogeneous functions: for example, if 
we keep to three variables, the eliminant of the four equations in z, y, z 


Cu 


( 
ox 
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( 1)" eu 4 eu 


Cu 4 Cu Cu 

is evidently 


—(m—1)B. 


In this way, also, we learn that B vanishes, and therefore, by partitioning 
it into two, that 


u.H(u)j=— |. Uy Ug |, 
Uy Ue 
Ug Ug, Ugg Ugg 


Uz Ug, Use 


a result which in effect had been reached seven years earlier by Hesse 
himself (Hist., 11, pp. 382-3). 

3. The first noteworthy property of B to be noted concerns three of its 
primary minors. As a typical example let us take the cofactor of @u/éa*, 


U Us 
Ug Ugg Ugg 
Uz Use Ugg 


Altering the first column by performing the operation 


1 
col, — cols 


— m— 


we readily obtain, with the help of Euler’s equalities above given, 


Us, 
Uz, Use U33 


Then altering the first row of this by performing the analogous operation 


m—1 m—1 


we reach with equal ease 


m 
1 
col, — 
m \ 
a = 
| 
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Uy. 
m—l 


Ug, Ugg Ugg 


Uz, Use 


\ 


m—1 


4. This of course leads us to anticipate the companion results 


y 
cof. of . H(u), 
m— 
cof. of . H(u). 


And as from the outset we have had 


cof. of u=H(u) itself, 


m 
m—1 
we may sum up as follows: Brioschi’s vanishing bordered Hessian of a 
homogeneous function is such that the cofactor of each of its diagonal elements 
contains the Hessian as a factor. 

5. But now these cofactors being the 3-line coaxial minors of B, we 
are reminded of Frobenius’ theorem (Hist., iv, p. 135) regarding the r-line 
coaxial minors of a vanishing axisymmetric determinant, namely, that 
the vanishing of the said minors entails the vanishing of all the r-line 
minors. We have thus to face the fact that if our Hessian vanishes, all 
the 3-line minors of B must vanish, and that therefore an investigation of 
the form of the non-coaxial 3-line minors is called for. 

6. Let us take then for consideration the case which is the negative 
cofactor of the (1, 2)th element of B 


Ms 
Ugg Ugg |, OF say. 


Clearly we have 


(m—1)u, Uys 
m—l1 
(m—I1)Ug Ugg Ugg 


(m—1)us Ugg 


=—_| 


Ug. 


Ugg 


’ 

| 

— 
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1 
| zu u u = H; 
11 
m—1 


Ugg 


and in quite similar fashion 


y 
By=—- - H. 
| 
7. The remaining cases, namely, Bys, Bog, Bq, are less simple, it being 
necessary, as in the case of B,, in § 3, to transform a row as well as a 
column ; but this being attended to, we readily obtain 


ry x2 


8. We thus learn that every element in the adjugate of Brioschi’s bordered 
Hessian has the Hessian for a factor: that, indeed, the 


1 
m—1 m—1 
zy 
adjugate of B=H* m—1 (m—1)?? (m—1)? 
-y zy y? yz 
m—1 (m—1)? (m—1)2 (m—1)? 
; m—1 (m—1)? (m—1)? (m—1)? |, 


where the determinant is seen to be such that the removal of the factor 
z/(1—m) from its second row, the removal of y/(1—m) from the third, and 
the removal of z/(1—m) from the fourth leave a determinant with all its 
rows alike. 

9. And now, something final having thus been reached with regard to 
a special axisymmetric determinant, it is natural—and in this case excep- 
tionally desirable—to ask ourselves what the corresponding theorem may 
be regarding the adjugate (1) of any vanishing axisymmetric, and then 
(2) of any determinant whatever. 

10. At the outset we observe that there is no longer in the data any 


‘ 
| 
>) 
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suggestion of the evanescence of the determinant being due to its occurrence 
as an eliminant; and, on the whole, this is not without a certain value, 
as it naturally sets us thinking of some other mode of proof unconnected 
with the idea of elimination. 

11. Taking then as our only datum 


| 
we have from Jacobi’s property of a minor of the adjugate 
0=A,B,—A,B,= A,B,—A,B,=A,B,—A,B,, 
and B,=rA,, B,=rA,, By=rA, if r=B,/A,, 


and similar results for the row of C’s and the row of D’s. This amounts to 
saying that if | aybyesd, |=0, its adjugate is 


rA, rA, rA, | where r, s, t=B,/A,, C,/A,, D,/A,, 
sA, sA, sAy 
tA, tA, tA, tA, 


—a result which becomes 


A, rA, sA, ¢A, 
rA, r?A, rsA, rtA, 
sA, srA, s?A, stA, 
tA, trA, tsA, 


when in addition the given determinant is axisymmetric. 

12. We should make a sad blunder, however, if we allowed the outward 
resemblance between this last and the adjugate in § 8 to make us overlook 
how fundamentally different are the coefficients «/(l—m), y/(1—m), 
2/(1—m) from r, s, t, and make us thus draw the same conclusion regarding 
the effect of putting H=0 in the one case and putting Ay=0 in the other. 

13. As a matter of fact the vanishing of A, only entails the vanishing 
of the elements in the same row with it, or, what is the same thing, the 
vanishing of their conjugates. This was first formulated in 1875 (Hist., 
iii, p. 113), but might have been formulated so far back as 1829, being a 
simple consequence of the equality 


rr 8s 


drawn attention to in that year (Hist., i, p. 296) by Cauchy as a property 
of the adjugate of the vanishing axisymmetric | |. 
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Another consequence of the same equality is that if any non-diagonal 
element, A,,, vanish, then either A. or A,, must vanish: so that in any 
case a vanishing element entails a vanishing row. , 

14. It is only proper to add that this short note of re-exposition and 
commentary has been written at the suggestion of Professor Metzler to 
counteract a statement (Hist., iii, p. 364, lines 6 and 7 from bottom) made to 
me by another esteemed correspondent. 


Ronpesoscu, 8. AFrRica, 
29th May 1930. 
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ON THE GEOGRAPHICAL DISTRIBUTION OF THE INDO- 
AFRICAN AND MEDITERRANEAN GRYLLACRIDS. 


By H. H. Karny (Buitenzorg, Java). 
(With 4 Maps.) 


A year ago I gave a review of the geographical distribution of the circum- 
Pacific Gryllacrids for the Fourth Pacific Science Congress (Karny, 201). 
It seems desirable to give a similar revision for the rest of the world as well, 
i.e. for Africa and British India, including the few genera occurring in the 
Mediterranean region. No Gryllacrids at all are known from the remainder 
of Europe and Asia—so far as the latter have not already been dealt with in 
my paper quoted above (201). In the present review I am following the 
same system as in my previous paper (207), and the general remarks there 
made will also apply here. 

To begin with the subfamily Stenopelmatinae, comprising not 
more than four genera, two of which, the Malaysian Sia and the North 
American Stenopelmatus, have already been dealt with (207, p. 158). The 
remaining two occur in the regions now under consideration, viz. the South 
African Mazentius and the Indian Oryctopus. The former comprises four 
species (KaRNy, 203, p. 78), and the latter five, these five being all from 
South India and Ceylon; a key to them will be given in my paper on the 
Gryllacrids of the Paris Museum (in the press). 

In the subfamily Gryllacrinae we find, first, some species-groups in 
British India, belonging to venation-type I (map I). Here I place in the 
verticalis-group the species castanea, deflorata, hieroglyphicoides, simplex, and 
verticalis, all restricted to India and Ceylon. The group of translucens and 
aequalis is also found in China and Malaysia (see Karny, 207, map III), and 
is represented in India and Ceylon by aequalis, basaliatrata, collaris, gladiator, 
postica, translucens, and trinotata. The signatifrons-group occurs in Malaysia 
(201, map III), and one of the species belonging to it, viz. reticulata (and var. 
uzeliana), inhabits Ceylon. From the Indian mainland this group is not yet 
known. The majority of the species of the borneoensis-group also inhabit 
China and Malaysia (see l.c.), but this group is also represented in British 
India by plagiata (from Silhet) and its subsp. peculiaris (from Burma). 

The venation-type I (map I) is represented in Africa chiefly by the 
africana-group, which resembles the translucens-group, differing, however, by 
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the paler venation, differently shaped ovipositor, and different 3 genitalia ; 
here belong africana, bartschi, brighella, biittneri, gariazzi, and rabida, all from 
tropical West and Central Africa. From these the picea-group differs chiefly 
by the black pattern on some parts of the body and legs; this group is 
restricted to Madagascar and the neighbouring small islands, and contains the 
following species: bedoti, mannae, nossibiana, picea, saussurei, and silvestrii. 
Annexed to the two groups just mentioned is the genus Afroepacra 
(Grirrini, 136), differing from them chiefly by the shape of the sternal 
lobes and by the armature of the ¢ fore tibae, otherwise very closely 
related to them; this genus is represented at present by one species only, 
viz. kuhlgatzi from tropical East Africa. 

To type I there belongs also the punctata-group, usually characterised 
by long wings with pale veins, the 92 having a long and very weak 
ovipositor ; comprising the following species, all from tropical and southern 
Africa: fiilleborni, laetitia, lyrata, nana, picteti, punctata, pygmaea, quadri- 
punctata, and scheffleri. In nana and pygmea the wings are already more or 
less shortened and in scheffleri reduced to quite small lobes.—Similar to the 
long-winged members of this group, but possessing a short, well-chitinised 
ovipositor, is brevizipha from India and Burma, belonging to the 
phryganoides-group which has the centre of its distribution in Malaysia, 
China, and the Philippines (see 201, map ITI). 

The genus Echidnogryllacris (map I) has a venation sometimes like type I, 
sometimes agreeing with type II. The only species (sanguinolenta) is 
restricted to southern Madagascar. This genus differs from all other 
Gryllacrinae by the armature of the middle tibiae. 

The barombica-group, exclusively restricted to tropical West Africa, has 
more or less reduced wings (type III), the radial sector of the tegmina often 
coalesces at its base with the medial vein (type II), and the ovipositor is 
short and strong. In this group I place barombica, eximia, genufusca, and 
nigriceps.—T he fumigata-group (map II) always belongs to type II (venation 
as described above and with long wings), and is chiefly represented in 
Malaysia (Karny, 201, map III), but also in South India by fumigata. 

The conspersa-nivea-group is characterised by reduction of the wings, 
often in length but at least by reduction of veins, the tegmina having but a 
simply forked cubital vein and four postcubital ones instead of the usual five. 
Here belong adelungi (Madagascar), ametroides (Central Africa), annandalei 
(Burma), atriceps (Madagascar), barkudensis (India), conspersa (Madagascar ; 
its subsp. signoreti from the Island of Nossibé, and its subsp. vosseleri from 
tropical East Africa), dravida (South India), gravelyi (India: Abor), humilis 
(Madagascar), indecisa (tropical East Africa), indecisa subsp. fryeri (Aldabra 
Islands), indecisa subsp. pungens (Madagascar), jacobii (Suahelik), kempiana 
(Ceylon), kilimandjarica (Kilimandjaro, Zambesi), lemur (North Mada- 
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gascar), madagassa (Madagascar), mauritiana (Isl. Mauritius), meruensis 
(tropical East Africa), nivea (South India), occipitalis (Madagascar), pittarellii 
(Madagascar), stigmata (Madagascar), submutica (tropical East Africa), and 
succinea (South India). 

Even more reduced are the wings in Neanias (bezzii and sguamatus) and 
in the abbreviata-group of Gryllacris (abbreviata, artinii, bertrandi, buyssoniana, 
crassipes, maindroni, and punicea), all being restricted to British India and 
Ceylon. 

The following groups (map IT) have lost their wings altogether and belong 
therefore to the former “ genus’ Eremus. Of these, the basalis-group in the 
sculpture of the frons resembles the verticalis-group of Gryllacris (type 1) 
and contains the species basalis, decolyi, elegantulus, longicauda, and rugosi- 
frons, all from Southern India.—The species with smooth frons form the 
atro-tectus-group, viz. atro-tectus, canillii, harmandi, kempi, nigrosignatus, and 
pupulus, all from Northern India.—Similar to these is the South and East 
African glomerinus-group with the following species : brevifalcatus, chimaera, 
falcifer, feanus, glomerinus, kilimandjaricus, marginatus, nitidus, pileatus 
(Sokotra), shelfordi (Mauritius) and sphinz.—Finally, we come to the genus 
Ametroides (Karny, 195, pp. 249 ff.), characterised by reduction in the 
number of fore and middle tibial spines; occurring in Tropical and 
Southern Africa from the estuary of the Congo to the East Coast, and 
in Madagascar. 

Next we have to consider the Gryllacris-species of venation-type IV. 
Here we have two small species, with more or less reduced tegmina and 
wings, from the African mainland, viz. holdhausi and infeliz, from tropical 
Africa, the former in the East, the latter in the West (infeliz-group, see 
map II).—The other species of type IV are widely distributed in Eastern 
Asia and the Malay Archipelago (Karny, 201, map IV), and represented in 
the regions now under consideration by a few species only: the ruficeps- 
group by panteli and vaginalis from Eastern and Southern India; the 
personata-group containing sechellensis only, from the Seychelle Islands ; 
and, lastly, the signifera-lineolata-group with contracta, pardalina, spuria, 
and vittata, all from British India and Ceylon, and tessellata from the Island 
Sta. Johanna, near Madagascar. 

Coming to the subfamily He nicinae (map III) we find that this 
subfamily is much better represented in the regions now under consideration 
than in the circum-Pacific area. By far the most primitive genus is Lezina, 
characterised by its articulated cerci and much reduced ovipositor, occurring 
in East Africa north of the Equator, also in Mesopotamia, Persia, and 
Turkestan ; it is very probable that it may also be found in Arabia, but up 
to the present it has not been taken there.—From British India only two 
genera are known, viz. the long-winged Gryllacropsis and the apterous 
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Hypocophoides. The genera Onogyne, Hypocophus, Brachyporus, Spizaphilus, 
Spizapterus are exclusively restricted to Madagascar. All the other genera 
occur on the African mainland south of the Equator, and especially in South 
Africa. One of these, Onosandrus, is also found in New Zealand and South 
Australia ; all the others are restricted to the African continent, viz. Bochus, 
Nasidius, Faku, Onosandridus, Henicus (incl. Mimnermus), Libanasa, 
Libanasidus, Platysiagon, Borborothis, and Dyscapna. Their distribution is 
shown in more detail on map III; taxonomically they are discussed in my 
previous paper (Karny, 203 ; 1929). 

The subfamily Prophalangopsinae (map IV) is represented by 
one genus only, this comprising but the type species of which only the type 
specimen is known: Prophalangopsis obscura (in the British Museum), 
recorded from “ Hindostan’’ (WALKER, p. 100; SaussurRgE, pp. 239-248, 
pl. 9, figs. 8, 8¢, 8p). The long tegmina and wings with a very large 
stridulating organ in the ¢ are sufficient to distinguish this species at sight. 

The subfamily Schizodactylinae (map IV) is distinguished at 
once from all the others by the long, styliform or lobiform appendages of the 
tarsi, and is restricted to the regions now under consideration, not occurring 
in the circum-Pacific area. There are but three species, each representing 
a different genus. Schizodactylus (monstrosus) occurs in British India and 
Burma, and has extraordinarily long tegmina and wings, the fore tibiae 
spined below, the middle ones above and below, and the first hind tarsal 
segment provided on either side with a long, triangular, lobiform appendage. 
The genus Comicus (capensis BRUNNER, p. 386), occurring in South and South 
West Africa, is apterous, with the fore and middle tibiae spineless, the apical 
spines and spurs excepted, and with the appendages of the first hind tarsal 
segment styliform, cylindrical. More recently a third Schizodactyline 
species has been described by WERNER from Asia Minor, which agrees with 
Schizodactylus with respect to the armature of the legs and with Comicus in 
the lack of tegmina and wings. WERNER has placed it—apparently accord- 
ing to Brunner’s key (p. 316)—in the genus Comicus (BRUNNER gives the 
presence or lack of wings as the chief differentiating character but does not 
mention the armature of the legs). I, however, consider thé latter as the 
more important and therefore believe inexspectatus WERNER to be more 
closely related to Schizodactylus than to Comicus, though at the same time I 
think it must also be generically separated from the former genus. I 
propose, therefore, for this species the name DACTYLOCOMICUS N.G., 
with inexspectatus as the type and only species. 

The subfamily Anostostominae is very well represented in the 
circum-Pacific area (KaRNy, 201, map V) but poorly in the regions now 
under consideration. The genus Paterdecolyus (GRiFFINI, 165, pp. 91-95) is 
known from India (Kurseong and Pedong) only, and Anabropsis occurs in 
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the localities mentioned in my previous paper (/.c.) and, moreover, in Eastern 
British India, in Central Africa, and in Madagascar. 

The last subfamily, the Rha phidophorinae, is represented in our 
regions by three tribes. Firstly, the very curious genus Speleiacris occurs 
exclusively in the Cape Colony. As I have already shown elsewhere (203, 
pp. 148-151; 207, pp. 73, 74), this genus belongs to the tribe Macro pa- 
t hini, which tribe also occurs in the southernmost part of South America, 
in the Falkland Islands, in New Zealand and the neighbouring small islands, 
and in South East Australia; thus this tribe has a decidedly circum- 
Antartic distribution. The biology of this important species, Speieiacris 
tabulae, has been studied by HEsse. 

The tribe Rhaphidophorini is widely distributed in Eastern 
Asia and on the islands south-east of it to North Australia and Polynesia 
(cf. Karny, 201, map V). Three genera of this tribe, viz. Rhaphidophora, 
Diestrammena, and Tachycines, also reach British India and Ceylon 
(Diestrammena). 

The tribe Troglophilini is decidedly Mediterranean, and, in fact, 
absent from Africa. To this tribe belong only two genera, Dolichopoda 
extending from Caucasia to Spain, and Troglophilus which is restricted to 
Asia Minor, the Balkan Peninsula and the westernmost part of Italy, though 
extending further northwards than Dolichopoda, viz. to the southern part 
of Central Europe (neighbourhood of Vienna). In prehistoric times, 
however, it seems to have occurred in France also, as is suggested by a 
carving on a prehistoric bone (BEGOUEN, CHOPARD). 


In summarising the chief results, we can leave out of consideration the 
subfamilies Stenopelmatinae and Anostostominae which have a decidedly 
discontinuous distribution, thus showing an ancient relict character. As 
for the other groups, we can state the following results :-— 

British India and Ceylon show some endemic genera occurring neither 
east of Burma nor west of India, viz. Gryllacropsis, Hypocophoides, Pro- 
phalangopsis, and Schizodactylus. To these also may be added the verticalis- 
group of Gryllacris, of which the only representative further eastward is 
singaporae from Singapore ; annexed to this group are its wingless descen- 
dants, viz. the basalis-group of Eremus, also restricted to British India.— 
Neanias and the abbreviata-group of Gryllacris have their allies, if any outside 
India, in the East.—For the rest, India shows a decided relationship to 
Eastern Asia and the Malay Archipelago, where most of the Indian groups 
are represented by more species than in British India itself. This holds for 
the Gryllacris-groups of signatifrons, borneoensis, phryganoides, fumigata, and 
ruficeps, for Eremus (atro-tectus-group) and for the tribe Rhaphidophorini. 
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The translucens-aequalis-group also has its nearest allies in the East, but is 
much better represented in British India than further eastwards. But two 
Indo-Malaysian groups extend, each by a single species, as far as the small 
islands north of Madagascar, viz. the personata-group and the signifera- 
group, neither reaching Madagascar itself nor the African mainland. On the 
other hand, the conspersa-nivea-group has no relations at all with the Malay 
Islands and East Asia, all its allies being found in Madagascar and Africa. 

Besides the last-mentioned group, only the genus Ametroides occurs both 
in Madagascar and in Africa, whilst the other Madagascan species-groups and 
genera are endemic, being restricted to Madagascar and the small islands 
surrounding it. This is the case with the picea-group of Gryllacris, with 
Echidnogryllacris and with the Henicine genera Onogyne, Hypocophus, 
Brachyporus, Spizaphilus, and Spizapterus, though somewhat related genera 
are found in Africa and in the region of Australia and New Zealand. 

The richest development of Gryllacridae, among the regions here under 
consideration, we find on the African mainland, south of the Equator, though 
some groups extend also somewhat further northwards, but not trans- 
gressing the tropical zone. Here we again find the conspersa-nivea-group, 
as in India and Madagascar. Common to the latter island and the African 
mainland is the genus Ametroides, whereas the glomerinus group of Eremus 
is represented outside Africa only on the islands of Sokotra and Mauritius. 
All other groups and genera are to be found on the African mainland only, 
viz. Afroepacra, and the Gryllacris-groups of africana, punctata, barombica, 
and infeliz, the genus Comicus, the Henicine genera Bochus, Nasidius, Faku, 
Onosandrus, Onosandridus, Henicus (incl. Mimnermus), Libanasa, Liban- 
asidus, Platysiagon, Borborothis, and Dyscapna, and, finally, the South 
African genus Speleiacris. This latter is the only African genus of the whole 
subfamily of Rhaphidophorinae, and all its allies (tribe Macropathini) occur 
around the Antarctic, viz. in the southernmost part of South America, in the 
Falkland Islands, in New Zealand and the neighbouring small islands, and 
in South East Australia. In the same way, the above-mentioned Henicine 
genera also show some relationship with those from Australia and New 
Zealand (Onosandrus being even common to them and Africa), and to a 
somewhat lesser extent to those of South America also. But whereas the 
Macropathini show their richest development in New Zealand and are 
represented in Africa by a single species only, just the contrary is the case 
with the Henicinae. These have evolved in Africa, and especially in South 
Africa, into very many and very curious genera and species. 

If we finally consider the Mediterranean region, only four genera are to 
be found there, and not more than two of them in Europe. They are re- 
stricted to the Mediterranean, only one extending into tropical Africa and 
not south of the Equator. This is the primitive Henicine genus Lezina, 


‘ 
3 
aut 
Ya 


Distribution of the Indo-African and Mediterranean Gryllacrids. 105 


which occurs also in the Mediterranean part of Asia as far as Turkestan.— 
The genus Dactylocomicus is known from Asia Minor only, showing some 
relationship with the Indian Schizodactylus, and to a lesser extent with the 
South African Comicus.—The genera of the Troglophilini, viz. Dolichopoda 
and Troglophilus, are essentially South European, only a few species extend- 
ing as far as Asia Minor and the Caucasus ; they are more or less related to 
the Rhaphidophorini of South and East Asia. 
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GEOGRAPHICAL DISTRIBUTION OF GRYLLACRIDAE 


(subfamilies Stenopelmatinae, and Gryllacrinae, venation type I) MAP I. 


STENOPELMATINAE: 


XXXXXXxX Maxentius. Oryctopus. 


GRYLLACRINAE: 


+++++ group of verticalis. sRReHe group of picea. 

group of translucens and aequalis. =m Afroepacra. 

group of signatifrons. AVN group of punctata. 
croup of borneoensis. coe coe croup of phryganoides. 
HH+HHH+HH+ group of africana. 


Echidnogryllacris. 
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GEOGRAPHICAL DISTRIBUTION OF GRYLLACRIDAE 


(subfamily Gryllacrinae, venation types II, III, IV, and V) 
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GRYLLACRINAE : 
group of barombica. croup of Eremus glomerinus. 
+++++ group of fumigata. ame == Ametroides. 
NAW group of conspersa and nivea. ——— group of infelix. 
x3xe@e0e% Neanias and group of Gr. abbreviata. ——=—=—=< group of ruficeps. 
———_ group of Eremus basalis. soe mm coe = croup of personata. 


HHH+H+HHH group of Eremus atrotectus. XXXXXXxX group of signifera and lineolata. 
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GEOGRAPHICAL DISTRIBUTION OF GRYLLACRIDAE 


(subfamily Henicinae) MAP III. 


HENICINAE : 
coo mmm coe mm Lezina. Hypocophoides. 
Bocchus. = ()nogyne, Hypocophus, Brachyporus, 
Nasidius. Spizaphilus, and Spizapterus. 
XXXXXXX Faku. (iryllacropsis. 
++ +++ Onosandrus and Onosandridus, ===" Libanasa, Libanasidus, and Platysiagon. 
Henicus (and Mimnermus). Borborothis. 


Dyscapna. 
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GEOGRAPHICAL DISTRIBUTION OF GRYLLACRIDAE 


(remaining subfamilies) 


* 


PROPHALANGOPSINAE : RHAPHIDOPHORINAE, Macropathini : 
+++++ Prophalangopsis. XXXXXXxX Speleiacris. 
SCHIZODACTYLINAE : RHAPHIDOPHORINAE, Rhaphidophorini: . 
Schizodactylus. Rhaphidophora. 
Dactylocomicus. Diestrammena. 
ANOSTOSTOMINAE : RHAPHIDOPHORINAE, Troglophilini : 


Anabropsis. coo Troglophilus. 
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CHANGES IN THE COMPOSITION OF ORANGES 
DURING RIPENING. 


By P. R. v. p. R. Copeman, B.A., D.Sc. 
(With nine Text-figures.) 


The chemical composition of fruits has attracted the attention of many 
workers at different times, but, in general, the work has been mainly con- 
cerned with the composition of the mature fruits, or has consisted of a com- 
parison between different varieties of the same fruit. During recent years 
a good deal of attention has been devoted to the study of the composition of 
apples and pears, more particularly in connection with storage problems. 
There can, however, be no doubt that a knowledge of the composition of a 
“normal” fruit at different stages of maturity is essential, and therefore 
the changes in composition during the growth and development of the fruit 
on the tree require investigation. The conditions under which a fruit is 
grown must affect its subsequent behaviour under storage conditions. A 
knowledge’ of the changes during the growth of a “ normal” fruit forms an 
essential factor in the study of the effect of external conditions upon the 
composition of the mature fruit. For purposes of comparison between 
different samples, variations due to differences in maturity must as far as 
possible be eliminated, so that a knowledge of such variations is essential. 
The present investigation was undertaken to study the changes in com- 
position which take place in oranges during ripening. 

The chemical composition of ripe oranges has received a good deal of 
attention. For instance, Kénig (29) has reported the analyses of a large 
number of oranges of different varieties, and, in a few cases, the results have 
been given for analyses made upon more than one occasion during the same 
season. These are, however, isolated examples, and there is no continuous 
record of the changes during growth. In a paper by Juritz (28) on citrus 
fruits the question of the effect of age upon the composition of oranges was 
very briefly discussed, but the data recorded are too scattered to be of any 
assistance in following the growth changes. In this same paper the effects 
of spraying with lead-arsenate mixtures upon the flavour of oranges were 
discussed. In citrus cultivation spraying with such mixtures has formed 
the standard practice in combating the False Codling moth, and it has been 
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shown that this treatment leads to the development of an insipid flavour 
in oranges, owing largely to the diminution of acidity which is so marked 
a characteristic of the fruit from sprayed trees. These conclusions are in 
accordance with those of American workers (18) in the same connection. 
This point has been more fully dealt with in a further paper by the present 
author (11) in which the investigation was extended to other fruits. It was 
shown that the diminution of acidity due to spraying with lead-arsenate 
mixtures was a general effect, but, owing to the relatively high-acid content, 
was most striking in the case of oranges. At the same time, however, the 
importance of using samples of iruit of the same degree of maturity for 
comparison was stressed, and on several occasions there has been difficulty 
in interpreting the results on account mainly of the fact that the samples 
consisted of fruit at different stages of maturity. The necessity of studying 
the changes in the composition of oranges during ripening became more and 
more obvious, since it is only when such information is available that it 
becomes possible to assess with any certainty the effects of treatment upon 
the fruit. During this period, however, the problems directly connected 
with the effects of spraying were urgent, and those relating to the growth- 
changes were allowed to remain in abeyance. In the meantime a standard 
for export oranges, based upon the sugar-acid ratio, was introduced, and the 
selection of a value for this ratio seems to have been a more or less empirical 
proceeding, based upon the experience of California. It seems obvious that 
some definite idea of the changes in this ratio is required for the successful 
application of the standard. 

It does not appear that much work has been done in connection with the 
changes in the composition of oranges during ripening. An investigation 
along these lines was carried out by Bigelow and Gore (5), who employed two 
varieties of oranges for this purpose, namely, St. Michael and a variety of 
Navel. They state that the changes after picking occur to a considerably 
lesser degree in oranges than in other fruits. A paper along similar lines on 
the ripening of Florida oranges was published by McDermott (33), but this 
author dealt more particularly with the enzymes present in the peel. This 
author has adopted a value of 7 to 1 for the sugar-acid ratio as defining the 
condition in which the oranges could be assumed sufficiently ripe for con- 
sumption. In a paper dealing with the effect of freezing upon oranges and 
lemons, Young (40) has reported data for fruits which were picked over a 
period of about two months, but no effort was made to study the changes 
due to growth. Hawkins (23) has studied the changes which occur in grape- 
fruit during development on the tree, five pickings being made during an 
interval of four months. In none of the papers mentioned has any attempt 
been made to develop the theoretical aspect of the growth changes. In 
the case of apples, work along these lines has been carried out for the changes 
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during storage by Haynes (26) and her collaborators. Robertson (35) has 
used the data of Anderson for the fruit of Cucurbita pepo as an instance of 
the general application of the autocatalytic curve of growth. The present 
author (10) has attempted an analysis of the growth changes along similar 
lines in the case of grapes. 

In studying the effects of spraying upon the composition of oranges, 
Juritz (28) has mentioned some of the difficulties attendant upon the com- 
parison of random samples of the sprayed and unsprayed fruit, and some of 
the necessary conditions of sampling have been pointed out. The fruit from 
the two series must be of the same variety and type. Both sets should be 
picked simultaneously and as far as possible from trees in the same orchard. 
The fruit in both series should be examined at different stages in the process 
of ripening. In a fruit such as an orange individual variations are large, but 
there seems to be very little information concerning the variations which 
may be expected in any given sample of oranges nor what the effect of such 
variations will be upon the sugar-acid ratio. Papers have appeared in 
which this ratio has been used for purposes of comparison and, since sampling 
errors have an important bearing upon the conclusions, a knowledge of the 
range of variations to be expected is absolutely essential if due weight is 
to be given to the results of any comparison. From this point of view 
it is somewhat surprising that so little information is available on this 
point. 

The present investigation was undertaken in order to gain some informa- 
tion regarding the points mentioned. In addition, by studying the changes 
which occurred during the ripening of the fruit it was possible to ascertain 
whether there were any definite changes marking the onset of maturity. 
In this way it was hoped that only oranges of the same state of maturity 
would be used for comparison, so that variations due to differences in 
maturity would be eliminated. It was known that spraying with lead- 
arsenate mixtures affected the acidity of oranges, and therefore by examining 
the sprayed oranges during ripening, the stage in the ripening process at 
which the difference in acidity became evident could be determined. In 
addition, the possible effect of spraying upon the range of variation of the 
samples could be determined, and at the same time the sampling errors 
would supply information concerning the required number of oranges for 
any particular degree of accuracy of the mean values. In this connection 
it is interesting to note that Haynes and Archbold (26) state that where 
two samples of apples are to be compared directly with one another, the 
number in each sample cannot be safely reduced below thirty. For the 
purposes of the present work it was necessary to carry out the analyses for 
individual oranges, and, as a result, a large amount of data has been accumu- 
lated. For this reason it is proposed to deal with the results in sections. 
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or EXAMINATION. 


On account of the very complete work done in the case of apples by 
Haynes (26) and her co-workers in connection with storage problems, the 
methods of analysis adopted in the present work have been based as far as 
possible upon those developed so successfully by the above workers. The 
oranges were of the Washington Navel variety, and samples of six oranges 
from each of twelve trees were obtained from an orchard at Blaauwkrantz 
in the Eastern Province, being forwarded to the Laboratory at Cape Town 
as far as possible at weekly intervals. Six of the trees had not received any 
spray treatment, and the oranges from these trees formed the normal control 
samples for purposes of comparison. The remaining six trees were divided 
into two sub-series, namely, (b.1) three trees sprayed with a lead-arsenate 
spray sweetened with sugar, and (b.2) three trees sprayed with a treacle- 
sweetened lead-arsenate mixture. The composition of the sprays were as 
follows : 

(b.1) 1 oz. arsenate of lead powder. 
24 Ib. sugar. 
4 gal. water. 


(b.2) 1 oz. arsenate of lead powder. 
53 oz. or 4 gal. treacle. 
4 gal. water. 


The spraying was commenced on 3rd January 1929, and was continued every 
fortnight until the end of June. The samples were taken from trees all 
about the same size and in a healthy condition. In the absence of rain the 
trees were irrigated at regular intervals. Each orange was wrapped sepa- 
rately in paper, and the analyses were commenced as soon as possible after 
the fruit reached the Laboratory. The investigation was commenced on 
Ist April 1929, and continued until 17th August when the last batch of 
samples was received. 

In each series the sarne number of oranges, about twenty-five to thirty, 
were analysed in each weekly batch, and in every case an equal number of 
sprayed and of unsprayed oranges was analysed at the same time so that the 
conditions in both cases should be strictly comparable. The oranges were 
weighed individually and then cut in half. The juice was removed as com- 
pletely as possible by means of a lemon-squeezer and filtered through linen 
cloth into a cylinder. The “ rag’ was completely removed from the skin 
and the latter weighed. The difference between the above two weights gave 
the weight of the “ edible” portion or “ pulp.” Any attempt to determine 
the amount of “ rag” by direct weighing must give results of doubtful value 
on account of the varying amount of juice which remains in the residue. 
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In order to obtain a measure of the cell-wall material a slight modification 
of the method developed by Archbold (2) for apples was employed. A fairly 
thin slice was removed from the whole orange and weighed. The skin was 
then carefully removed from the slice and weighed. The difference in these 
two weights gave the weight of pulp which was taken for analysis. This 
portion was then ground in a porcelain mortar and transferred to a flask 
with the aid of alcohol. After standing overnight, the alcoholic extract was 
decanted off and the residue extracted with boiling alcohol. When necessary, 
the alcohol was renewed, and when extraction was complete the residue was 
transferred to a Gooch crucible, dried at 105° C. and weighed. This deter- 
mination, of course, gives the weight of the dry material of the cell-wall and 
is not a direct estimate of the living cell-wall, holding an unknown quantity 
of water of imbibition. In order to obtain some idea of the accuracy of the 
method a whole orange was cut up into thin slices and the alcohol-insoluble 
residue determined for each slice separately. In addition, the sampling 
error was estimated from a sample of ten oranges. The results expressed 
in terms of grams per 100 grams of pulp are given in Table I. 


TABLE I, 
Residue from a single orange. 
2°31 2-51 
2-01 2-59 
2-13 2-76 
2-15 2-94 
2-16 2-71 
2°32 2-50 
2-06 3:00 
2-01 2-42 
2-00 2-70 
2-28 3-00 
Mean: 2-14 2-71 
Standard Deviation: -+0-123 +-0-207 


The probable error of a single determination was therefore +-0-082 
per cent., which may be regarded as the experimental error. The probable 
error of sampling of a single orange was +0-138 per cent., assuming the 
results for ten oranges as a normal distribution. The method adopted was 
therefore sufficiently accurate for the purpose. In most cases the number 
of oranges analysed in each batch was six, this being the most that could 
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be conveniently handled in any given batch of samples. In this case the 
probable error of the mean value due to sampling was +0-056 per cent., and 
therefore a difference of 0-168 per cent. between the mean values for the 
sprayed and unsprayed oranges was necessary for significance. 


WEIGHT OF ORANGE, OF SKIN, AND OF PULP. 


Before proceeding to deal with the changes in the weight of the oranges 
in detail the question of the effect of spraying must be considered. From 
the nature of the comparison to he made it would appear that the application 
of Fisher’s ‘‘ t’’ method (17) to the series of differences between correspond- 
ing weights of sprayed and unsprayed oranges would provide an adequate 
means of comparison. The latter act as the control samples, and all the 
conditions except the one of spraying are the same for both series. The 
results are given in Table II, where the sprayed fruits have been divided 
into the two sub-series (6.1) and (6.2) according to the spray treatment. 


TaBLe II. 
Difference in Mean difference or Mean difference in “yn 
series. in weight. z weight of skin. i 
b.1l—a +15°5 3-01 0-60 
b.2—a — 46 1-15 —1-2 1-02 
b—a + 5-4 1-52 +0-1 0-09 


‘““a” represents the mean values for the unsprayed oranges. 
‘““b” represents the mean values for the sprayed oranges and is obtained 
by combining the values for the two sub-series (b.1) and (b.2.) 


For a probability of 20 to 1 that the observed mean differences are not due 
merely to chance, the value of “¢” must at least be 2-16. The results 
apparently indicate that the treatment (b.1) produced a definite increase in 
weight. At the same time the mean difference in the case of treatment (b.2) 
is negative, and it is hardly likely that the substitution of treacle for sugar in 
the spray mixture will produce any significant effect upon the weight of the 
fruit. It must therefore be concluded that the difference in series (b.1) 
must be due to the inherent tendency of the trees in this series to produce 
uniformly larger fruits than in the remaining series. The mean values for 
the whole sprayed series do not differ significantly from the values for the 
unsprayed oranges. There is also definitely no significance in the mean 
differences in weight of the skin in the three series. It may therefore be 
concluded that spraying with lead-arsenate mixtures does not produce any 
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significant effect upon the weight of the fruit or of the skin. For the purpose 
of studying the growth changes in these particular factors, the average 
values obtained from all the series may be taken. 

The data obtained for the average weight of the orange, the average 
weight of the skin, and the average weight of pulp are given in Table III. 
The time is reckoned in days from the commencement of the investigation. 


TaBLeE III. 
Time Average weight of | Average weight of | Average weight of 
7 orange in grams. skin in grams. pulp in grams. 

0 177°5 55-8 121-7 
12 187-1 60-0 127-1 
19 199-9 60-4 139-6 
26 200-2 62-1 138-1 
33 201-6 61-2 140-4 
41 201-6 65-5 136-1 
48 230-5 74-9 155-6 
62 235-0 78:8 156-2 
69 245-3 82-8 162-5 
76 242:3 80-1 162-2 
83 248-9 83-2 165-5 
89 229-7 74-1 155-6 
97 227-9 72-9 154-6 
104 230-0 71-6 158-4 


In determining these values weighted means were used, since it 
was not possible to analyse the same number of oranges from each tree 
separately. 

The average weight of the skin and pulp increased during the investiga- 
tion. This is what might normally be expected and is in accordance with 
the observations of Bigelow and Gore (5). In the case of the data for the 
Navel orange, these workers reported an increase in the average weight of 
the fruit from 80 grams to 158 grams in 44} months, and in the pulp from 
52 grams to 122 grams. These weights are very much lower than those 
in the present paper. The increase in the absolute weight of pulp was 
greater than that of the skin, but during this period of ripening the skin 
increased by 50 per cent. of its initial weight, while the pulp only increased 
by about 35 per cent. of its weight. The proportions of pulp and skin in 
the orange, however, remained practically constant throughout the whole 
period of this present investigation, the skin being about 32 per cent. of the 
total weight of the fruit. In the work of Bigelow and Gore the initial 
proportion of skin was 35-2 per cent. of the whole weight, but during 
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ripening this value decreased to a more or less constant value of about 
22 per cent. 

The course of the changes may be more easily followed by means of 
curves, but, owing to the difficulties of obtaining absolutely representative 
samples, it is no easy matter to eliminate the scatter produced by errors in 
sampling. In the case of oranges an additional complication is introduced 
by the tendency for fruits at different stages of maturity to be present on 
the trees at the same time. The lines through successive points cannot be 
expected to lie on any smooth curve. Haynes and Archbold (26) state that 
when frequent analyses are made to trace the course of chemical change in 
apples, the sample at any one time should not consist of less than twenty. 
Emmett (15) has attempted to reduce the scatter by successive averaging 
of adjacent points along the curve. In the present work the total number 
of oranges in each weekly sample was between fifty and sixty when the data 
for both series were combined, and smoothed curves have been employed as 
being fully justified by the difficulties involved. In practice, temporary 
deviations from a given curve may be expected on account of fluctuations 
in the external conditions as well as on account of variations due to sampling. 

When the data were plotted for the weights of the whole orange, the 
skin, and the pulp, the curves shown in fig. 1 were obtained. They are 
similar in character to those obtained by Bigelow and Gore (5). The 
problem of expressing theoretically the changes which occur during the 
ripening of a fruit has been discussed by the present author in the case 
of grapes (10). It has been found that similar autocatalytic expressions 
can be used to describe the changes which take place in oranges. The 
closeness of fit is, however, greatly improved when the data for the last 
three weeks are discarded. There is clear evidence, as will be shown later, 
that such a step is justified. This sudden decrease in weight at the end of 
the ripening period was also evident in the results reported by Bigelow and 
Gore. Inspection of the remaining points of the curve indicates the possi- 
bility of fitting a straight line to these points, but there are several reasons 
for rejecting such an attempt. It is an established fact that growth does 
not continue indefinitely at a constant rate, but that the rate gradually 
becomes less, so that at maturity a limiting maximum value for the growth 
is reached. With a straight line as the growth curve it would be necessary 
to assume a discontinuity in the curve of growth. Where a limited centre 
portion of an autocatalytic expression is under consideration it is possible 
for the observed data to lie practically upon a straight line, and yet the 
actual curve of growth might not be straight. In the present work con- 
siderations such as these have been taken into account. For the sake of 
comparison, the variances for each type of expression have been worked 
out for each growth factor as shown in Table IV. 
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Fic. 1.—Changes in the weight of the orange. 
@ Weight of fruit in grams. 
O Weight of pulp in grams. 
+ Weight of skin in grams. 


TaBLe IV. 
Autocatalytic Linear 
expression. expression. 

Weight of Orange (11 readings) 37-55 37°85 

Weight of Pulp (11 readings) 18-43 18-85 

Weight of Skin (11 readings) ; 5-00 7-63 
In the first two cases the autocatalytic expression gives results which, 
at the least, are not worse than those for the linear expression, while, in the 
case of the skin, the former expression is definitely more suitable. From 


these figures alone there is no definite reason for adopting the linear ex- 
pression in preference to the autocatalytic expression, while further and 
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more definite evidence in favour of the latter will be obtained when the 
soluble solids are considered. 

The fact that the curve of growth with time can be expressed by means 
of the equation for an autocatalytic reaction has led to the assumption that 
such growth processes are autocatalysed. Following the lead given by 
Robertson (35), this idea has been developed by a number of workers. 
Gregory (19, 20) has given a detailed account of the growth changes from 
this point of view in the case of Cucumis sativus and of barley. He points 
out that the temperature relationships indicate that growth is not a simple 
autocatalytic process and that, in barley, only the latter part of the growth 
cycle can be represented by such an expression. In the former case the 
plants were grown under strictly controlled conditions, which, in some cases, 
were somewhat removed from the optimum values. In the latter case, in 
considering the total growth of barley, it must be remembered that a com- 
plicated organism, associated with several independent growth cycles, is 
under consideration. Brenchley (7) has attempted to overcome such 
difficulties by using, for purposes of comparison, the “ efficiency ” index of 
Blackman (6) over a specified period. Briggs, Kidd, and West (8) have 
shown that secondary features in the relative growth-rate curve for maize 
coincide with the times of appearance of the flowers. Gustafson (21, 22) 
has studied the growth changes in the weight, volume, and dry weight in 
certain Cucurbitaceous fruits, and has attempted an explanation of the shape 
of the growth curve. In this connection the use of a single organism such as 
a fruit simplifies the problem, since changes due to morphological develop- 
ments are absent. An account of some of the more important contributions 
along these lines has been given in other papers (10, 12). In practice, 
although the fruits may be subjected to continually varying conditions, the 
final crop-yield may nevertheless be regarded as being produced under the 
average conditions of the whole cycle. 

The type of equation which has been found most suitable for expressing 
the growth changes in the weight of the oranges is one which was developed 
in the case of the soluble solids of grapes, namely, 


a-—Z 


where “c”’ is the value of the growth factor at the beginning of the growth 
cycle represented by the equation, “a” is the final value at maturity and 
is identical with the crop-yield. K=s(a—c) where “k” is the velocity 
ate 


constant of the change; ‘‘?¢,”’ is the time when “ x” has a value of 


and may be termed the “ half-value period ” for this particular cycle. The 
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rate of change of growth is given by 
— =k(xr—c)(a—2z). 
dt 


It is clear that this equation is only applicable to the observed data when 
“zis greater than “cc,” and therefore this cycle of growth does not com- 
mence until the orange has already passed through an initial stage of develop- 
ment which results in the production of “c” grams of material. Ji is 
evident that ‘‘k” varies in an inverse ratio to “‘a—c,” which is the crop 


yield for this particular cycle of growth. Conversely—_-— varies 


directly with the yield and may be regarded as a constant representing 
growth capacity. Its value as an index of growth capacity depends upon 
the association between the length of the growing period and the final 
extent of growth. The significance of these various constants have, how- 
ever, been more fully discussed in other papers (10). 

The values of the constants for the changes of weight of the orange, of 
the skin, and of the pulp are given in Table V; logarithms to the base 10 
have been used, and the time is given in days from the commencement of 
observation. 


TABLE V. 


Factor. K. kx10. | —— x 10-3 


Weight of Orange . | 253-0 | 171-0 | 0-0256|) 38-5 | 0-312 3°20 
Weight of Skin : 86-0 53-0 | 0-0270 | 42-0 | 0-818 1-22 
Weight of Pulp =. | 167-:0 | 118-0 | 0-0250 | 36-0 | 0-510 1-96 


In calculating these results the data for the last three weeks have been 
omitted since there is evidence that there was a factor modifying the normal 
course of growth. The agreement between the observed and calculated 
figures is shown in fig. 1. In this connection it is obvious that at least one 
essential condition must be fulfilled, namely, that the sum of the weights of 
pulp and skin must be equal to the total weight of the orange. In point 
of fact, the curve for the changes in the weight of pulp was derived in 
accordance with this condition. These expressions are only applicable to 
the final growth cycle of the fruit. The colour of the samples changed from 
green to yellow during the initial stages of the present investigation, and it 
would appear that this final growth cycle coincides more or less with the 
period during which the colour of the ripe fruit is developed in the skin. 
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The results obtained do not indicate whether there is any abrupt change or 
not at the beginning of this growth cycle, and the investigation would have 
to commence at a very much earlier stage for information on this point. 

The growth-rate constant “ K ” is only slightly greater for the skin than 
for the pulp, but the difference is magnified in the case of the growth-velocity 
constant ‘“‘k.”” In accordance with the fact that a high crop-yield is associ- 
ated with a low value of “k,” it will be seen that the crop-yield “a—c” 
for the pulp was 49 grams, while that for the skin was 33 grams. The 
growth-rate constant “ K ” for the whole orange is equal to the weighted 
mean of the constants for the skin and pulp, while the half-value period for 
the whole orange is midway between the two values for the skin and pulp. 
In this connection it is interesting to note that the growth-capacity constant 


” 


for the whole fruit is equal to the sum of the two constants for the 


skin and pulp, as would normally be expected. 

Excluding the results for the last three weeks, the probable errors between 
the observed and calculated readings are +-4-1, +1-5, and +2°8 for the total 
weight, skin, and pulp respectively. It will be seen that the observed 
readings for the last three weeks were all considerably lower than would 
be expected if the weight changes had followed the course of events pre- 
dicted by the calculated values. When the data for the average weight of 
soluble solids per fruit, for example, are considered, it will be shown that 
during this particular period there was practically no change in weight, 
indicating that growth, considered as an accumulation of new material, had 
practically ceased. The resulting decrease in the total weight of the oranges 
must therefore be due to some disturbance in the normal conditions of 
growth. During the processes of growth, assimilation and absorption of 
nutrient materials, accompanied by transpiration and respiration, must all 
be taking place. At maturity assimilation and absorption must practically 
cease, while transpiration as well as respiration must continue. Owing to 
the very much greater magnitude of the transpiration, this process becomes 
the dominating factor in the growth changes at this stage. Such conditions 
therefore cause a loss in weight of the fruit, but in consequence of the 
resulting loss of water the concentration of the soluble solids in the juice is 
increased. This has been found to occur in practice, and this explanation 
of the changes at the close of the ripening period may be regarded as correct. 
On the supposition that the theoretical curve during the last three weeks 
represents the course of normal growth, the differences between the observed 
and calculated values will represent approximately the loss of weight due 
to transpiration. Some idea can also be formed of the manner in which 
this loss was distributed between the skin and pulp. The data so obtained 
are given in Table VI. 
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TABLE VI. 

Factor. pring Observed. | Calculated. | Difference. Mean. 
| 8&9 229-7 249-0 19-3 | 

Total Weight - 97 227-9 250-5 22-6 21-0 
\| 104 230-0 951-3 21:3 || 
89 741 10-2 | 

Skin 5 97 72-9 84-9 12-0 12-0 
| 104 71-6 85:3 13-7 
( 89 155-6 164-8 92 || 

Pulp - 97 155-0 165-6 10-6 , ol 
104 158-4 166-0 76 


These results indicate that there was a greater loss of weight in the skin 
than in the pulp during transpiration. The skin lost about 57 per cent. of 
the total loss during this period. The average loss of weight of the pulp 
during this period was about 5-8 per cent. of its actual weight. By making 
use of this figure it becomes possible to apply an approximate correction 
to the percentage soluble solids in order to eliminate the effects due to the 
abnormal concentration caused by transpiration. 


ALCOHOL-INSOLUBLE RESIDUE. 


The alcohol-insoluble residue may be regarded as consisting almost 
wholly of cellulose and pectic compounds, together with starch when this 
is present. The method of estimation in the present work has already been 
described and the results are given in Table VII, in which the data for the 
two series have been kept separate, and in which the average weight of 
alcohol-insoluble residue per fruit has been included. Examination of the 
data will show that the percentage of residue decreased in both series during 
the period of ripening, and, as Bigelow and Gore (5) point out, the total 
amount of cell-wall material must be formed somewhat early in the 
development of the fruit. 

The course of the changes in the percentage alcohol-insoluble residue 
may be seen by reference to fig. 2. Bigelow and Gore (5) reported a decrease 
of residue from 4-2 per cent. to 1-9 per cent. during a period of 44 months. 
Their final value is in very good agreement with the value obtained in the 
present work. It may be stated that these authors determined the insoluble 
residue by washing with cold water. They also found that the weight of 
residue per fruit remained nearly constant during growth. Archbold (4) 
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has shown that the proportion of alcohol-insoluble residue rises to a 
maximum in the early stages of growth in the apple. 


VII. 
Unsprayed. Sprayed. 
a Insoluble Weight of Insoluble Weight of 
residue per residue per residue per residue per 
100 grams. fruit. 100 grams. fruit. 

0 2°31 3°40 2-77 3°39 
12 2-61 3°03 2°61 3°60 
19 2°34 3°16 2°37 3°42 
26 2°29 3°28 2-55 3°39 
33 2-18 3°04 2°35 3°32 
41 2-01 2-72 2-22 3°04 
48 2-04 3°12 2-21 3°50 
62 1-87 2°87 2-20 3°50 
69 1-94 3°08 2-18 3°63 
76 1-88 3°00 2-01 3°31 
83 1-72 2°83 1-94 3°26 
89 1-79 2-79 2°13 3°32 
97 1-79 2°84 1-94 2°92 

104 1-93 2-77 2-05 3°50 


However, before dealing with these changes from a theoretical point of 
view, it is necessary to deal with the effects of spraying with lead-arsenate 
mixtures upon the residue. The curves indicate that the percentage of 
alcohol-insoluble residue was somewhat higher in the sprayed oranges than 
in the unsprayed. When the differences between the corresponding average 
values for each series was plotted, the curve obtained was practically linear 
and increased with time. Using Fisher’s “¢’’ method (17) for testing the 
slope of this line, it caf be shown that the value is definitely significant. 
The value of “‘ t’ was found to be 2-23, while a value of 2-18 would indicate 
a probability of 20 to 1 that the result was not due merely to the action of 
chance factors. Therefore, it may be concluded that the effect of spraying 
upon the cell-wall material became more pronounced with the ripening of 
the fruit. Assuming the logarithmic type of changes, as developed below, 
it can be shown that the absolute rates of change with time in each series 
separately do not differ significantly from each other. Since the form of 
the curve in both series remains the same, it may be concluded that the 
magnitude of the growth rate is mainly influenced by external factors which, 
in the present case, were practically the same for both series, so that the rate 
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of change remained unaltered by the spraying. It may therefore be con- 
cluded that the effects of the arsenate spray are confined to internal factors. 

The effects of spraying, however, are brought out more clearly when 
the average weights of the alcohol-insoluble residue per fruit in the two 
series are compared. The data are given in Table VII, and it will be seen 
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that in the case of the sprayed oranges the weight of cell-wall material 
remained more or less constant during the ripening process, while in the 
unsprayed oranges this factor decreased during the same period. In both 
cases the change with time may be regarded as being practically linear, so 
that the significance of the slope of the line may be tested by the “t” 
method of Fisher (17). The values are 0-96 and 4-90 for the sprayed and 
unsprayed series respectively, while the value of “t” for a probability of 
20 to 1 is 2:18. There was therefore a definitely significant decrease during 
the ripening process in the total cell-wall material of the unsprayed oranges, 
but during the same period there was no significant change in the weight 
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of cell-wall material in the sprayed oranges. Haynes and Archbold (26) 
regard the sum of the total sugar, acid, and cell-wall material as being a 
measure of the total respirable material in apples. The above results show 
that, in oranges sprayed with lead arsenate, the utilisation of the cell-wall 
material as a partial source of respirable material is inhibited. Under these 
conditions, material from the remaining two sources must be drawn upon to 
a greater extent than in a normal orange in order to maintain the respiratory 
activity of the organism. The acid appears to be the material which is 
mainly utilised to supply the deficiency, since the acidity in sprayed oranges 
is definitely lower than in unsprayed oranges. The effect of the lead-arsenate 
spray appears, therefore, to produce a selective oxidation of the materials 
involved in the respiratory activity of the fruit. 

An examination of fig. 2 will show that the curve showing the change in 
the percentage of alcohol-insoluble residue with time resembles closely the 
type of curve exhibited by the changes in acidity. This curve can be readily 
expressed by the equation which was developed in the case of the decrease 
of acidity in grapes (10), namely, 


log. ——=k(t—ty), 


where “a” is the limiting value of the factor at maturity, “¢,”’ is the time 
when z=2a, and “*”’ is the velocity constant of the change. The rate of 
decrease of the insoluble residue is given by 


The rate of decrease may therefore be regarded as being proportional to 
the “active mass”? of the reacting material. In this connection it is 
interesting to note that Haynes and Archbold (26) favour an exponential 
expression for the decrease in the cell-wall material in apples during storage. 
They state that apples with a higher proportion of cell-wall material showed 
better keeping qualities. The values of the constants for the above equation 
in the case of the alcohol-insoluble residue in the oranges in the two series 
are given in Table VIII, where logarithms to the base 10 are used. 


TABLE VIII. 


Series. a. k. t. Variance. 


Unsprayed Oranges . : 1-70 0-0118 —15 0-00416 
Sprayed Oranges. ‘ 1-95 0-0109 —32 0-00679 


dz 
—=—k(r—a). 
dt 
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The agreement between the observed and calculated readings is shown 
in fig. 2. At the beginning of the period under review there was no difference 
in the proportions of residue in the pulp of the oranges in the two series, but 
during ripening the difference increased until at maturity it reached a 
limiting value of about 0-25 per cent. It has already been shown that there 
was no significant difference in the rate of change with time. However, 
on account of the lower value of “a” in the unsprayed series, the “ active 
mass ” must be higher in this case. This factor must be determined by the 
internal factors of growth, while the value of ‘‘k”’ must be influenced by 
external conditions such as light, temperature, etc. The arsenate spray 
must therefore exert an internal physiological action upon the organism, 
causing a reduction in the “ active mass ” of the cell-wall material. It will 
be seen that in the sprayed oranges the value of “ 2a”’ was reached about 
two weeks earlier than in the unsprayed fruit. As a measure of the agree- 
ment between the observed and calculated values, the variances have been 


Xd? 
determined in the form a where “‘ d”’ is the difference between these two 


values. The deviations are seen to be somewhat greater in the case of the 
sprayed oranges, and this may be accounted for by the slightly greater 
sampling error in this case. The probable errors due to the use of the 
formula are +0-054 and -+-0-044 respectively, and these are well within the 
value for the probable error due to sampling. 


SOLUBLE SOLIps. 


Since all fruits, when subjected to pressure, yield a juice which contains 
the principal portion of their palatable constituents, a study of the composi- 
tion of such juices forms probably the most important aspect of any 
investigation of the fruits. The amount of soluble solids in the juice, being 
the sum of the constituent soluble compounds, must represent the sum of 
the changes which have occurred separately in the various constituents. 
The changes in the total soluble solids will afford a direct measure of the 
changes in the soluble compounds which occur during ripening. In addition, 
practical considerations require a knowledge of the relationship between 
the total soluble solids and the sugars in the juice, since the determination 
of the ratio of sugar to acid as a test for ripeness is carried out by using the 
soluble solids as a measure of the sugar content of the juice. In practice, 
the soluble solids are generally determined by means of a hydrometer, and 
in this connection a knowledge of errors due to sampling becomes important. 

During the process of ripening, the soluble solid content of the juice 
increased, but during the last two or three weeks of the investigation there 
was an abnormal increase in the percentage of soluble solids. It would 
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appear that the amount of water lost by transpiration at this stage was in 
excess of the intake of water from the tree, so that part at least of the increase 
in the percentage of soluble solids must be due to an increase in the con- 
centration of the solids already present in the juice. Bigelow and Gore (5) 
state that in the early stages of their work the percentage soluble solids 
remained almost constant, but that later a gradual increase occurred. The 
weight of soluble solids per fruit increased uniformly throughout the whole 
period. In some work by Young (40) on frozen oranges and lemons the 
density of the juice did not show any marked increase during a period of 
about six weeks. Hawkins and Magness (24) show that in the case of 
grape-fruit there was an increase in the soluble solids at different stages of 
ripening when determined by a Brix hydrometer. During the same period 
there was a concurrent increase in the soluble solids-acid ratio. McDermott 
(33) has accepted a value of 7 to 1 for the sugar-acid ratio as representing 
the minimum value for ripe oranges. In South Africa a ratio of 6 to 1 for 
the soluble solids-acid ratio has been adopted as the minimum standard for 
Navel oranges for export purposes (38). The reduction in the value may 
be ascribed to the fact that, in many cases, growers have experienced great 
difficulty in producing fruit capable of passing a higher standard. It is 
hoped that conditions will improve sufficiently to permit the introduction 
of a higher standard at a later date. 

In the present work the soluble solids in the juice were estimated from 
the density which, in all cases, was determined by means of a 50-c.c. specific 
gravity bottle. The density was corrected to 20° C. by means of tables, and 
the soluble solids per 100 c.c. of juice calculated by means of the formula 


1000(D—1-000) 
3-85 


This formula has been shown to give values in very good agreement 
with those actually determined by Archbold (3) in the case of apples, and 
by Emmett (15) for pears. The present author has found that a similar 
condition holds in the case of grapes (14). The advantage of such a method 
is obvious, and in the present work, since analyses of about fifty oranges per 
week were made, it would have been impossible to make direct dry-weight 
determinations. 

Archbold (2) has estimated that the errors introduced by non-correction 
for temperature, by the use of the formula, and by failure to remove all the 
solid particles from the juice, do not exceed 5 per cent. The error due to 
the use of the formula tends to be low, while the other errors tend to be high, 
so that there is some measure of compensation. The error involved in 
determining the density of unclarified juice is very small and for practical 
purposes may be neglected, as may be seen by reference to Table IX, in 
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which the results are given for the soluble solids determined both in clarified 
and in unclarified juices. Clarification was effected either by standing or 
by filtration, and the results are expressed in terms of grams per 100 grams 
of juice at 20° C. 
TaBLe IX. 
Soluble Solids in Juice. 


Standard Standard 
Unclarified. Clarified. deviation. 


14-08 +0-012 14-01 0-006 
13-27 +0-020 13-15 +0-012 
13-32 +0-015 13-30 +0-015 
13-53 13-50 


The soluble solids in the clarified juice were slightly lower, but the mean 
difference was only 0-06, and therefore failure to clarify the juice does not 
introduce an error greater than | per cent. of the actual reading. For most 
practical purposes such a difference can be discarded. The probable error 
of a single estimation from the density does not amount to more than +-0-01, 
and it will be noticed that the error was slightly lower in the case of the 
unclarified juice, indicating the more uniform nature of the material. In 
this connection, however, it must be remembered that in practice the 
soluble solid content of the juice is generally determined by means of a Brix 
hydrometer, with a consequent increase in the experimental errors. The 
hydrometer is marked in divisions corresponding to 0-2 per cent. sugar, and 
it is impossible to read the instrument closer than 0-1 per cent., so that 
the actual reading of the hydrometer introduces an error of the same magni- 
tude as that due to the use of unclarified juice. When the reading of the 
Brix hydrometer was compared with the soluble solids estimated by a 
density determination, using both clarified juice and sugar solutions, the 
results agreed with a negative error of about 0-5 per cent. In practice, 
therefore, the use of a Brix hydrometer with unclarified juice will not involve 
an error of more than +-2-0 per cent. of the actual reading. In the present 
work all the determinations of the soluble solids were carried out by means 
of density measurements, so that the experimental errors were considerably 
reduced. 

The Brix hydrometer gives the results in terms of grams per 100 grams 
of juice, and, in the practical determination of the soluble solids-acid ratio, 
this figure must be converted to a volume percentage owing to the nature 
of the acidity determination. At the same time a temperature correc- 
tion must generally be applied, since the hydrometer is standardised at a 
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particular temperature. Tables in which these two operations have been 
combined to give a single correction have been published by de Villiers (38) 
in which 17-5° C. is the standard temperature. In general, where a large 
number of determinations are carried out, and where they are compared 
amongst themselves, there is in practice no particular necessity for the use 
of such corrections. In fact, the addition of one-tenth of its value to the 
Brix reading between the temperature range 20-30° C. will provide a 
temperature and volume correction which will not introduce an error 
greater than +-5-0 per cent. of the reading. For most practical purposes 
such accuracy will be sufficient. The effect of such errors on the value 
of the soluble solids-acid ratio will be discussed later. 

Before discussing the nature of the changes in the soluble solids, the 
problems connected with the errors of sampling must be considered. In 
the case of oranges very little information seems to be available on this 
point. The probable errors of the experiment have already been shown to 
amount to less than 0-1 per cent. of the reading. In order to determine 
the extent of the fluctuations due to sampling, the standard deviation has 
been calculated for each weekly batch of oranges. As a measure of the 
influence of maturity and spray treatment upon the range of variations, the 
coefficients of variation have been calculated for each series. In general, 
the number of oranges in each weekly batch in each series lay between 
twenty and thirty. The results are given in Table X. 


TABLE X. 


Sprayed. 


Unsprayed. 


Standard Coeff. of Standard Coeff. of 

deviation. deviation. deviation. variation. 
1-823 14:3 1-434 11-4 
12 27 1-166 9-6 1-656 12-5 
19 22 1-010 8-1 1-501 11-6 
26 22 1-481 11°5 1-205 9-0 
33 28 1-182 93 1-504 11-0 
41 26 1-363 10°3 1-407 
48 27 1-487 10-9 1-006 7-2 
62 19 1-080 8-2 1-470 10-4 
69 27 1-107 8:3 1-243 9-0 
76 24 1:535 11:3 1-171 8-7 
83 10 1:015 7:3 2-202 15-0 
89 26 1-616 1-838 12-3 
97 26 1-222 8-5 1-692 11-2 


6-6 
10-4 


0-984 
1-380 


5-1 
9°6 


0-771 
1-276 
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The standard deviation was calculated by the usual formula 


s.p.—, /2@ 
n—1 


where “d” is the deviation of any value from the corresponding mean and 
“nn” is the number of oranges in the sample. 
The coefficient of variation is given by 
1008.D. 
C.V.= 
The results in Table X show that there was a slightly greater variation in 
the case of the sprayed fruits, and this is confirmed by the values for the 
coefficient of variation. This seems to be the result of the greater variation 
in the samples from the sprayed trees during the last four weeks. These 
fluctuations were probably caused by the fact that the fruit had reached 
full maturity at this stage and the modifying influences of transpiration 
were beginning to play an important réle in the growth changes. On the 
whole, the stage of maturity does not appear to have any important influence 
upon the range of variation to be expected in any sample of oranges. The 
mean value of the standard deviation obtained from the two series may be 


regarded as the normal value for any random sample of oranges of presum- 
ably the same maturity. This value—namely 1-328—may be employed to 
estimate the probable error of the mean due to random sampling by means 
of the formula 


§8.D. 
3° Vn 


tr cent. P.E here M=mean value 
. P.E.=- . >= — where M= 
3 Vn M 


As will be shown later, when the soluble solids-acid ratio has a value of 6-0, 
the soluble solids per 100 c.c. amount to about 12-0. The value of 6-0 is the 
minimum laid down for Navel oranges in the export regulations. If a 
probable error of 2 per cent. be taken as the limit due to sampling in order 
to be comparable with the experimental error involved in using a Brix 
hydrometer, then the number of oranges required in the sample at the above 
stage of maturity will be given by 


— 2 1:328x100__ 
"=3 2-0x120 


whence n=14, 
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With a sample of this size the total errors will amount to +3 per cent. of the 
mean value. The extent to which these errors affect the value of the ratio 
will be dealt with later. 

In order to ascertain whether the spraying with lead-arsenate mixtures 
had any effect upon the soluble solid content of the juice of the oranges, an 
examination of the various factors involved is required. The variations in 
the soluble solids may be due to several factors, such as the effect of age, the 
possible effect of the spray treatment, and the effects associated with the 
inherent characteristics of the trees. The application of the Method 
Variance, as outlined by Fisher (17), enables a study to be made of the 
problem from a quantitative point of view. The total variance about the 
mean value may be divided into two parts—that due to known causes and a 
residue due to unknown causes (experimental errors). The variances can 
then be tested against the errors of experiment by means of the “z”’ test. 
The results obtained are given in Table XI. 


TABLE XI. 
Variance of the Soluble Solids in the Juice. 
Variance Degrees of Sums of Mean Loge mean | Standard 
due to freedom. squares. square. square. deviation. 
Age 13 88-8204 6-8323 1-9216 
Treatment. 2 22-5862 | 11-2932 2-4237 
Tree 9 130-9266 14-5474 2-6775 
Remainder. 143 117-4595 0-8214 | —0-1967 0-906 
Total . 167 359-7927 
z (Age—remainder) . - 1-0592 5 per cent. point 0-288. 
z (Treatment—remainder) . 1-3102 », 0-559. 
z (Tree—remainder) . . 1-4371 », O-315. 


These results show that the variations due to known causes were all 
significantly greater than the experimental errors. The somewhat large 
variance in the case of the treatment, however, appears to be due mainly to 
the fact that the oranges from one sub-series of sprayed trees were character- 
ised by an inherently higher soluble solid content of the juice than oranges 
from trees in the remaining series. In consequence of this segregation of 
the trees, the differences between the treated and untreated trees are unduly 
exaggerated. The difference between the mean values for the two sub- 
series of sprayed trees was 1-70,and, using the value of 0-906 for the standard 
deviation of the results for each tree, a difference of 1-48 between the mean 


— 

ag 
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values for each sub-series would be significant. It is unlikely, however, that 
the substitution of treacle for sugar in the spray mixture would produce any 
pronounced differences in the soluble solid content of the juice. The 
presence of abnormalities in the trees has been investigated in connection 
with the determination of the composition of a “normal” orange. For 
purposes of comparison such knowledge is essential. A detailed examination 
of the data for the soluble solids in the juice of the unsprayed oranges has 
been reported elsewhere, and it has been shown that the data for trees 1 and 
6 in this series are abnormal and are not significantly related to the data for 
the oranges from the remaining trees. For this reason, in making com- 
parisons, the data from trees 2 to 5 only have been used in obtaining average 
values to represent the composition of a “ normal” orange. 

The significance of the mean differences between the “‘ normal ”’ oranges 
and the sprayed oranges for the soluble solids has been tested by the “t” 
method of Fisher, and the results are given in Table XII. Examination of 
these results shows that, although the differences for each sub-series sepa- 
rately are significant, they are not consistent. The differences in series (0.1) 
were negative and in series (b.2) positive. When the sub-series of sprayed 
oranges are combined (i.e. (b) series), the mean difference between this set and 
the “normal” set of data are not significant. In addition, the rates of 
change of the soluble solids in the sprayed and unsprayed series did not 
differ significantly, and the series of differences between corresponding 
values in the two series does not show any significant rate of change. There 
is therefore no evidence to suggest the existence of any factor acting differ- 
entially upon the soluble solids during ripening. The existing differences 
must undoubtedly be ascribed to the inherent characteristics of the different 
trees from which the samples were taken, and it may be concluded that 
spraying with lead-arsenate mixtures has no definite action upon the per- 
centage of soluble solids in the juice of oranges. 

In order to obtain an adequate conception of the changes in composition 
during growth it is necessary to compare the results on the basis of the 
absolute amounts of the constituents per orange. The total weight of 
soluble solids per fruit may be calculated on the assumption that the 
difference between the weight of the pulp and the weight of the alcohol- 
insoluble residue, representing the cell-wall material, is equal to the weight 
of juice present in the fruit. The relationship between the weight of soluble 
solids “ x” per 100 grams of pulp and the concentration “C ” per 100 c.c. 
of juice will then be given by 

Cc(100—R) 


where “ R”’ is the percentage of alcohol-insoluble residue in the pulp and 
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“D” is the density of the juice. The total weight of soluble solids per 
fruit will then be 
C(100—R) E 


where “E” is the weight of pulp in the orange. The validity of this 
expression has been confirmed in the case of apples by Haynes and Arch- 
bold (26), and in pears by Emmett (15). The former authors have dealt 
fully with this question, and in the present investigation the same relation- 
ships have been assumed to hold. It has been found that small differences 
in the value of ‘“‘R” produce a negligible error in the calculation of the 
quantity of juice in the fruit. 

With regard to the effect of the spraying upon the weight of soluble 
solids per fruit, similar conclusions can be drawn as in the case of the per- 
centage soluble solids. Since the differences between the sprayed and 
unsprayed series, both in the weight of the pulp and in the percentage, 
soluble solids have been shown to be non-significant, the differences in the 
absolute weight of soluble solids per fruit must also be non-significant, the 
small differences in the percentage insoluble residue having a negligible 
effect upon the amount of juice present. When any differences are present 
they must be due to factors other than the actual spray treatment. The 
results of comparison by the “¢”’ method are given in Table XII. 


TaBLe XII. 

Difference in Percentage Weight of 
series. soluble solids, : soluble solids. Kc 
b.l—a —0-89 6-79 +0-59 1-03 
b.2—a +0-86 3°34 +0-42 1-14 

b—a —0-04 0°35 +0:56 1-44 


The value of “¢” for a 20 to 1 probability must be at least 2:18. In 
no case does the mean difference in the total weights of soluble solids possess 
any significance, and therefore, in considering the growth changes in the 
soluble solids, the mean values obtained by combining the data for all the 
series may be employed without affecting the conclusions in any way. 

The data obtained for the density of the juice, for the soluble solids per 
100 c.c. of juice, and for the weight of soluble solids per orange are given in 
Table XIII. 
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TABLE NIII. 


Time in , ps Soluble solids | Weight of soluble 

days. Density of juice. | per LOO c.c. | solids per nea 
0 1-0494 12°83 | 14-46 
12 1-0501 13-02 15-37 
19 1-0491 12-75 16-57 
26 1-0520 13-50 17°31 
33 1-0522 13°55 | 17-66 
41 1-0540 14-05 | 17-72 
48 1-0548 14-05 20-28 
62 1-0536 13°92 | 20-21 
69 1-0531 13-80 | 20-87 
76 1-0544 14-10 21-25 
83 1-0560 14-55 | 22-47 
89 1-0576 14-97 21-60 
97 1-0577 14-98 21-49 
104 1-0575 14-94 21-76 


These results are in substantial agreement with those of Bigelow and 
Gore (5), but the absolute weights per fruit, reported by these workers, are 
very much lower than those obtained during the present work. This may 
be ascribed to the smaller size of the oranges used by Bigelow and Gore. 
Curiously enough, the amount of increase is practically identical in both 
cases. When the data for the percentage and for the total weight of soluble 
solids are plotted, the curves shown in fig. 3 are obtained. The curve for 
the latter quantity shows clearly the tendency to reach a limiting value at 
maturity, while the former curve exhibits a continuous rate of change during 
the whole period. There is here clear confirmation of the action of some 
factor which tends to maintain the increase in concentration. Assimilation, 
accompanied by absorption and accumulation of material, must have 
practically ceased at the end of the ripening period, since there was no 
definite increase in the total weight of soluble solids. During this period, 
however, transpiration (as well as respiration) must still be proceeding in the 
fruit, while at the same time this loss was not compensated in the fruit by 
absorption of water from the tree. As has already been shown, this results 
in a decrease in the weight of the orange, but, owing to the greater magnitude 
of the transpiration effects, there must be a corresponding increase in the 
concentration of soluble solids in the juice. Inspection of fig. 3 will show 
that there was a relatively large increase in the percentage of soluble solids 
during the last three weeks of the investigation. During the normal course 
of growth the processes of respiration and transpiration are more than 
VOL. XIX, PART II. 10 
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balanced by assimilation and absorption, so that the fruit increases in weight. 
Normally at maturity an equilibrium is reached, so that there is neither a 
gain nor a loss in weight. In the case of oranges, with increasing age trans- 
piration becomes the dominating factor in influencing the growth changes. 

On inspection, the curve of growth for the percentage soluble solids would 
appear to be linear over the whole period, and the curve obtained on this 
assumption is shown by dotted lines. However, when the theoretical values 
for the total weight of soluble solids per fruit was calculated on this assump- 
tion from the curve for the weight of pulp, it was found that the results were 
too high during the latter stages of the investigation. On the other hand, it 
is possible to make an approximate correction to the observed values for 
the percentage soluble solids, to compensate for the abnormal concentration 
effects caused by transpiration during the last three weeks. It has been 
shown that the decrease in the weight of the pulp compared with what would 
normally be expected was on an average equal to about 5 per cent. of the 
actual weight. If the observed data were corrected on this basis, the curve 
for the percentage solids would be curvilinear in character, as shown in fig. 3. 
Bigelow and Gore (5) state that in the early stages of their work the per- 
centage soluble solids in the pulp remained almost constant after which a 
gradual increase occurred. There is evidence of a similar effect in the 
present work, and this would indicate that, during the final stages of ripen- 
ing, a separate growth cycle is involved. It was found that the changes 
in the percentage soluble solids could be expressed by means of an auto- 
catalytic expression such as was developed for the soluble solids of grapes 
(10), namely, 


=K(t—t,). 


log . 
a— 


The values obtained by the use of this expression are shown by the con- 
tinuous line in fig. 3. When the last three readings are excluded owing to 
their abnormal nature, and the variances for the two forms of expression are 
compared, it will be seen on referring to Table XIV that, although the 
variances are small in both cases, there is a slightly better fit in the case of 
the linear expression. There is, however, evidence in favour of the auto- 
catalytic expression. 

If the data obtained for the percentage solids from both forms of ex- 
pression be used to estimate the theoretical values for the total soluble solids 
per fruit, the curves obtained are shown in fig. 3, the continuous curve 
indicating the values obtained from the autocatalytic expression and the 
dotted curve those from the linear expression. On comparing the variances 
of the respective derived curves for the whole period of ripening, it will be 
seen that the curve obtained from the autocatalytic expression for the per- 
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centage soluble solids agrees more closely with the observed figures. There 
is therefore definite support for the view that the changes in the percentage 
soluble solids may be expressed by an autocatalytic expression. When the 
correction for transpiration effects is made, it will be clearly seen that the fit 
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Fig. 3.—Changes in the soluble solids. 
O Grams of soluble solids per fruit. Curve=S8.8.—1-0. 


@ Grams of soluble solids per 100 c.c. juice. | @ indicate the values corrected for the 
effects of transpiration. 


over the whole period is very much improved. In this connection it is also 
possible to test the suitability of the expression used to show the changes 
in the weight of the pulp during ripening. It has already been shown that 
the variances in the cases of the linear and autocatalytic expression for the 
pulp do not show any pronounced difference. In the above arguments 
concerning the expressions for the soluble solids it has been assumed that 
the curve for the change in weight of the pulp is autocatalytic. If the curve 
be assumed to be linear, and the variances calculated for the derived curves 
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for the total soluble solids per fruit, it will be seen that the autocatalytic 
expression for the pulp gives results which are very much closer over the 
whole ripening period. The variances for the different expressions are 
given in Table XIV. 

Taste XIV. 


Expression. | Linear. Autocatalytic. 
Per cent. Soluble Solids ; : | 0-0698 (a) 0-0729 
Weight of Soluble Solids (4). | 1-2252 0-9560 
Weight of Soluble Solids (ce). , | 0-3740 0-2875 


(a) The constants were determined by the method of least squares, and 
the equation was 

(b) The calculated curves were obtained from the linear expression for 
the pulp and the corresponding values for the two curves for the 


percentage soluble solids, 
(c) The curves in this case were obtained by using the autocatalytic 
expression for the changes in the pulp. 


There can be no doubt that the autocatalytic expressions both for the 
pulp and the percentage soluble solids are the most suitable forms of ex- 
pression for the growth changes in these factors. Inspection of the curve 
for the total weight of soluble solids per fruit will show that the changes can 
be expressed by an equation of the same form as for the percentage soluble 
solids. The constants, obtained for the equations representing the changes 
in the soluble solids, are given in Table XV, and have the same significance 
as previously. 

Taste XY. 


| 


Factor. | a. | K. | | a—c 
| 
| 


0-0215 
| 0-0233 


40-0 | 0-01192 | 0-84 x 102 
37-5 | 0-00268 | 3-73 x 10 
| 


Per cent. Sol. Solids 
Wt. of Sol. Solids 


The agreement between the observed and calculated values is shown 
in fig. 3. It is clear that there must be at least one initial growth cycle, 
which results in the production of “ec” grams of material, while the cycle 
under consideration represents a final growth cycle, coinciding more or less 
with the final change in colour of the skin. During this period the per- 
centage soluble solids increased by a comparatively small amount, namely, 
1-8 per cent., as compared with the actual increase in weight, namely, 
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8-7 grams per fruit. The extent of these changes is reflected in the values 


for the growth-capacity constant — During this period the absorp- 
tion of water by the fruit must prevent any large increase in the proportion 
of soluble solids in the juice. In practice, during the final stages of growth, 
this process ceases and the effects of transpiration hecome dominant, so that 
there is consequently a greater increase in the concentration of soluble solids 
than would normally be expected. The conclusion that, at full maturity, 
the total weight of soluble solids per fruit reached a practically constant 
value is in agreement with that of Bigelow and Gore (5). 


Actp CoNTENT OF JUICE. 


In dealing with the constituents which go to make up the soluble solids 
in fruits, there can be no question of the importance of the acid content of 
the juice. The existence of an enormous amount of work on the acidity of 
fruits is evidence of its importance. The orange is a fruit which is relatively 
rich in acid, and the changes in the acid content have an important bearing 
on the quality and flavour of this fruit. The acidity is generally regarded 
as being largely responsible for the freshness of taste, and the importance 
attached to this factor is reflected in the frequency with which the ratio of 
sugar to acid is used as a measure of the ripeness of the fruit. Bigelow and 
Gore (5) noted that the percentage of acid in the juice decreased during 
the ripening of oranges, while the weight of acid per fruit remained nearly 
constant during growth, and these workers concluded that the total amount 
of acid must be formed somewhat early in the development of the fruit. 
In this connection it is interesting to note that Hawkins and Magness (24) 
found that, in the case of grape-fruit, the acidity of the first pick was some- 
what lower than that of the second pick. The decrease in acidity during 
the ripening of fruits is a general phenomenon which has been studied by 
numerous workers. 

In the present work the acidity was determined in the juice of individual 
oranges, so that some idea could be obtained of the sampling error at each 
weekly stage of the ripening process. The acidity was determined in an 
aliquot portion of the juice, whose density had been determined for the 
estimation of the soluble solids. In general, 10 c.c. of juice were taken 
largely diluted with water, and the acid titrated with N/10 caustic soda, 
using phenolphthalein as the indicator. The result was calculated in terms 
of grams of citric acid per 100 c.c. of juice. The end-point could be de- 
termined with considerable accuracy, and as an example of the probable 
experimental error involved in the determination, the results for the acidity 
in two samples of mixed juices are given in Table XVI. It may be stated 
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that the principal acid in oranges is citric acid, and, fo 


the error introduced by calculating all the acid in terms of citric acid is of 


no consequence. 
TaBLE XVI. 


Acidity of Mixed Juice. 


Africa. 


r comparative work, 


(a). 


(b). 


7 
1-432 
1-416 


Number of Determinations 
Maximum 
Minimum 


10 
1-738 
1-721 


1-422 
+0-0058 


Mean 
Standard Deviation 


1-729 
+0-0070 


It is clear that the acidity can be determined with ec 
and the probable error of a single determination does 
so that the error of estimation amounts to less than 
reading. For work of the present type such an order 
than sufficient. 

In order to determine the extent of the variati 
sampling, the standard deviation was calculated for ea 
set of samples. 
of sprayed and unsprayed oranges to test whether the 
arsenate caused any increase in the range of variation 
fruit. 
random samples of oranges from the two series. 
of the variations, the coefficients of variation have also 
the results for these two quantities are given in Table 


There does not appear to be any significant difference in the range of 
variance in the acidity ‘of the sprayed oranges as compared with the un- 
The mean value of the standard deviations for the two 
series may be regarded as representing the normal value for any random 


sprayed oranges. 


sample of oranges, presumably of the same maturi 


variation (i.e. the coefficient of variation) in the sprayed oranges was, 


however, slightly greater owing to the lower value for th 
with the unsprayed oranges. The probable error du 
case of a single orange was -+0-176, and the percentage 
mean of a sample will be 


2 0-264 100 
per cent. P.E.=-- 
3 vn M 


This value was determined separately for the two series 


This information is essential when comparisons are to be between 
As a measure of the extent 


onsiderable accuracy 
not exceed 0-005, 
0-5 per cent. of the 
of accuracy is more 


ons due to random 
ch successive weekly 


treatment with lead 
in the acidity of the 


been calculated, and 
XVII. 


ty. The percentage 


e acidity as compared 
e to sampling in the 
probable error of the 


Per 
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Unsprayed. Sprayed. 
Time in Number in 
me one. Standard Coeff. of Standard Coeff. of 
deviation. variation. deviation. variation. 
0°351 19-8 0-296 18-0 
12 27 0-273 14-9 . 0-346 21-0 
19 22 0-401 23-2 0-171 11-8 
26 22 0-298 20-1 0-254 19-2 
33 28 0-260 16-2 0-294 21:3 
4] 26 0-299 18-3 0-310 23-7 
48 27 0-253 16-1 0-216 17-5 
62 19 0-237 15-7 0-273 22-2 
69 27 0-232 15:3 0-231 20-2 
76 24 0-279 19-6 0-254 22-1 
83 10 0-176 12-8 0-275 23-7 
89 26 0-279 20-0 0-287 27°8 
97 26 0-223 16-0 0-275 22-7 
104 21 0-165 11-6 0-181 20-1 
Mean 0-256 17:1 0-262 20-9 


whence 


of accuracy in the final result. 
acidity are, of course, very much smaller. 
number of oranges in any weekly batch was about twenty-five, so that the 
probable error of the mean was +-0-035, and the differences between the 
means of two sets of oranges must have a value of at least +-0-105 before 
any significance can be attached to the result. 
In order to obtain some idea of the effect of the spray treatments upon 


5 


n=13. 


0-264 100 


2 


This is practically the same number as would be required in the case of 
the soluble solids—namely 14—in order to obtain more or less the same order 
The experimental errors in the case of the 
In the present work the average 


At the beginning of the ripening period the acidity of the juice was about 
2-0 per cent. and the soluble solids-acid ratio would have a value of about 
6-0, the minimum laid down for export oranges in the regulations. 
order to reduce the percentage probable error, due to sampling at this stage, 
to 2-5 per cent., the number of oranges in the sample would have to be 
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the acid content of the oranges, it is necessary, for purposes of comparison, 
to have a knowledge of the acid content of a “normal” orange. This 
question has already been touched upon in dealing with the soluble solids, 
and, in examining the data for the acidity, confirmation was obtained of 
the conclusion that the data for trees 1 and 6 in the unsprayed series are 
abnormal. It was found that the correlation coefficient for the relationship 
between the acid and sugar content of the unsprayed oranges was +0-131. 
Such a result was abnormal and was found to be due to the abnormal values 
for trees 1 and 6. The soluble solids in the juice of the oranges from these 
two trees bore no relationship to the soluble solids in oranges from the 
remaining trees, and trees 1 and 6 were characterised by abnormally low 
values for the sugar and acid content of the juice. When the data for these 
two trees were discarded, and the correlation between the acid and sugar 
calculated for the remaining results, the value was found to be —0-446. 
This figure was definitely significant and was what would normally be 
expected. 

For these reasons, therefore, the data from trees 1 and 6 have been 
discarded in attempting to determine the changes which occurred during 
the ripening of a “ normal” orange, and to obtain values which could be 
used for purposes of comparison. 

Before proceeding to discuss the changes in acidity of the oranges during 
ripening, it would be best to deal with the effect which spraying with lead 
arsenate has had upon the acidity. In the first place, if the type of ex- 
ponential curve, which will be shown later to be suitable for expressing the 
growth changes in the acidity, be employed, it can readily be shown that 
there were no significant differences in the absolute rates of change in the 
acidity of the oranges in the different series. In this respect there is 
distinct resemblance to the changes in the alcohol-insoluble residue, and 
comparison of the curves for these two factors will show that the changes 
are of the same type in both cases. When, however, the actual weekly 
differences between the acidities of the sprayed and unsprayed oranges are 
studied, it will be seen that these tend to increase as the ripening proceeds. 
If the rates of change of these differences be tested by means of the “t” 
method of Fisher (17), it can readily be shown that the differences between 
the acidities of the sprayed and unsprayed oranges increase at a significant 
rate. The results of such a comparison are given in Table XVIII, in which 
the effects due to the two different spray treatments have been examined 
separately. 

The limit of significance for a 20 to 1 probability is given by t=2-18, 
and the above results show that the rates of change of the differences in 
acidity between sprayed and unsprayed oranges were significant in all cases, 
and it may be concluded that the arsenate spray set up a differential action 
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in the fruit, which exhibited an increasing effect with time. At the same 
time it can be seen that there was no significant increase in the differences 
between the acidities of the oranges in the two sub-series. As a matter of 
fact, the difference tended to become less as the ripening proceeded. The 
average value of the mean difference—namely, 0-192— is, however, significant, 
and the difference in this case must be due to the inherent differences in 
the characteristics of the trees in the two sub-series. It would appear that 
the trees in sub-series (6.2) would, in the normal course of events, tend to 
produce fruits with a somewhat higher acidity than the trees in sub-series 
(4.1). This is in complete agreement with the conclusions drawn in the case 
of the soluble solids. The ratio of acid to soluble solids in series (b.1) has an 
average value of 0-090, while in series (0.2) it is 0-093. This difference is 
negligible, and the differences in the acidity between the two sub-series must 
be due to inherent characteristics apart from any effects produced by differ- 
ence in the spray mixture. There is no evidence that the slight differences 
in the composition of the sprays produce any differences in action. It may 
he concluded that the mean values of the acidity for the series (b.1) and (.2) 
may be safely taken as representing the effects due to spraying with lead- 
arsenate mixtures. 


TaBLe XVIII. 


Difference in Average mean | Rate of oy 
series. difference. change. 


+O-477 


a—bl +-0-00185 2-23 


a—b2 +0-286 +0-00226 3-40 
a—b +0-386 +0-00191 2-99 
b.2—b.1 +0-192 1-6] 


There can be no doubt that spraying with arsenical mixtures causes a 
significant diminution in the proportion of acid in the juice of oranges. 
Gray and Ryan (18) have shown that this effect is confined to arsenical 
sprays, and the present author (11) has shown that nicotine sprays have no 
effect upon the acidity. It would seem that the problem of combating pests, 
such as the False Codling moth, without at the same time affecting the . 
quality of the fruit, must be solved along these lines. The present work 
indicates that the differences are apparent during the whole ripening period, 
and that they increase in amount as the fruit ripens. The effects of the 
arsenate spray must be produced in the very early stages of development. 
The differences caused by the spray treatment are brought out very clearly 
when the changes in the weight of acid per fruit are considered. The data 
for the sprayed and unsprayed series of oranges are given in Table XIX, 
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TaBLeE XIX. 
Acid per 100 c.c. juice. 
days. 

a. 6.1. 6.2. b. a. b. 
0 1-87 1-64 1-68 1-66 2-09 1-89 
12 1-92 1-41 1-76 1-59 2-07 2-03 
19 1-73 1-35 1-54 1-45 2-18 1-94 
26 1-64 1-22 1-41 1-32 2-18 1-63 
33 1-71 1-2] 1-55 1-38 2:22 1-81 
41 1-76 1-15 1-53 1-29 2-21 1-64 
48 1-71 1-16 1-29 1-23 2-43 1-8] 
62 1-61 1-13 1-34 1-23 2°30 1-8] 
69 1-59 1-10 1-17 1-14 2°35 1-76 
76 1-57 1-04 1-24 1-15 2-33 1-77 
83 1-43 1-08 1-24 1-16 2-36 1-8] 
, 89 1-57 0-90 1-14 1-03 2-27 1-48 
97 1-53 1-05 1-20 ga 2-26 1-55 
104 1-40 0-82 0-96 0-90 1-92 1-43 


(a) represents the data for the unsprayed oranges, while (b) represents 
the oranges in the sprayed series. 


and the changes in the weight of acid during ripening are shown in fig. 4. 
For purposes of comparison, the weighted means of the weights of acid in 
the two sub-series are employed. The curves in fig. 4 show clearly that the 
weight of acid in the unsprayed oranges was higher than in the sprayed 
oranges and remained very nearly constant during ripening, while the 
amount of acid per fruit in the sprayed oranges decreased during the same 
period. The rate of change in the first case was +-0-00087 and the value 
of “‘t” is 0-76, which is entirely non-significant. The rate of change in the 
second case was —0-0037 and “¢” is 3-59, indicating a definite decrease in 
the weight of acid in the sprayed oranges. The conclusion that the amount 
of acid in oranges remains practically constant during the period of ripening 
is in accordance with the results of Bigelow and Gore (5). It is apparent, 
therefore, that in the sprayed fruit there has been a greatly increased demand 
upon the acid as a source of respiratory material, as compared with the un- 
sprayed oranges. It must be concluded that, in a normal orange, there is 
a greater demand upon the cell-wall material as a source of respiratory 
material than upon the acid during the course of ripening. The spraying 
with lead arsenate inhibits this action and, as a result, the acid is drawn 
upon to a greater extent in order to maintain the required level of respiratory 
activity. In consequence of this differential action, the amount of acid in 
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the sprayed oranges is, both relatively and absolutely, less than in the 
unsprayed oranges. In this connection a paper by Lyon (30) on the action 
of arsenates as catalysts of oxidation is of extreme interest. This worker 
concludes that arsenates act as catalysts for the respiratory enzymes in 
seedlings. The rate of production of carbon dioxide was increased by the 
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TIME_ DAYS —— 
0 12 26 41 62 76 89 104 
Fic. 4.—Changes in the weight of acid per fruit. 


O Unsprayed. @ Sprayed. 


addition of arsenate solutions to the tissues in concentrations below the 
toxic limit. It would appear that an analogous effect occurs in oranges 
which have been sprayed with lead arsenate, and that, under these conditions, 
the acid is more readily oxidised than the cell-wall material in the processes 
of respiration. 

The data obtained for the acidity of the oranges in the different series 
are given in Table XIX. In this table the total weights of acid per fruit are 
included for the sprayed and unsprayed oranges, the former values being 
the average values for both the sub-series. The total acid per fruit was 
calculated in the same way as in the case of the soluble solids. Haynes (25) 
has shown that the amount of acid in apples calculated in this way agrees 
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very closely with the amount determined by extracting the apple pulp. 
Where the agreement was not so good, the difference could be ascribed to 
the lack of uniformity in the samples. This worker has also shown that the 
acidity is not altered by expressing the juice in fractions, and in the present 
work it has been assumed that the total weight of acid could be determined 
in the same way. 

These results show clearly that there was a decrease in the percentage 
of acid in the juice during the process of ripening, and when the results are 
plotted, as shown in fig. 5, it will be seen that a similar type of curve is 
obtained as in the case of grapes (10). The rate of decrease becomes less 
as maturity is reached, so that finally the acidity reaches a more or less 
constant minimum value. The decrease reported by Bigelow and Gore (5) 
amounted to as much as 1-1 per cent. in a period of about 44 months, while 
Young (40) reported a decrease of about 0-4 per cent. in two months. In 
dealing with the changes in the acidity from a theoretical point of view, it 
may be mentioned that the remarks made with regard to the choice of 
smoothed curves to represent the changes in the soluble solids are equally 
applicable to the curves for the acidity. The changes in acidity may be 
expressed by means of the equation, developed in the case of grapes, namely, 


a 
=k(t—t,) 
r—a 
where the constants have the same significance as in the case of the alcohol- 
insoluble residue. The values of the constants for the different series are 
given in Table XX, in which logarithms to the base 10 were used. 


TABLE XX. 


Series. | Variance. 


| 


1-42 0-0093 —44 0-00575 
0-94 0-0107 000354 
1-10 0-0104 001056 
1-02 0-0106 —16 0-00417 


The agreement between the observed and calculated results for series (a) 
and series (b) is shown in fig. 5, and it will be seen from the values for the 
variance in Table XX that the spraying has not produced any greater 
deviation from the theoretical values than might be expected from the 
variance for the unsprayed oranges. Under normal conditions of growth 
it will be seen that there is a limit to the amount of decrease in acidity, and 
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that the acid does not disappear entirely from the fruit. This, of course, 
is in agreement with the fact that the absolute weight of acid in a “ normal ”’ 
orange remains more or less constant during the process of ripening. At 
full maturity the value of the acidity is given by “a,” and it will be seen 
that the difference in the acid content of the juice between the sprayed 


ACIDITY —— 


qT 


4 A. IME DAYS L 1 


12 26 41 62 76 89 


Fic. 5.—Changes in the acidity in terms of grams per 100 c.c. juice. 
O Unsprayed. @ Sprayed. 


and unsprayed oranges tended to reach a limiting value of 0-40 gram of 
citric acid per 100 c.c. of juice, equivalent to 0-105 grams of oxidisable 
carbon per 100 grams of pulp. It is significant that the difference in the 
alcohol-insoluble residue was found to be 0-25 gram per 100 grams of pulp, 
equivalent to 0-111 gram of oxidisable carbon per 100 grams of pulp. It 
would appear that in the sprayed oranges the additional amount of acid 
used in respiration was practically equivalent to the amount of cell-wall 
material which would be normally oxidised as in the case of the unsprayed 
oranges. It can be readily shown that no significance can be attached to 
the small differences in the velocity constants of the acid changes, and it 
would appear that the absolute rate of change is governed mainly by external 
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factors since these were practically the same for all the series. The actual 
amount of acid in the juice must depend upon internal factors, and the 
quantity ““c—a” may be regarded as the “active mass” of the acid. 
Since “a” was lower in the sprayed oranges, it would appear that the 
arsenate spray exerts an internal physiological action in the orange on 
account of which the “active mass’ of the acid is altered. In this con- 
nection it has been shown (11, 28) that the effect of the arsenical spray 
persists for more than one season, and that all the oranges on a treated tree 
are equally affected. It must therefore be concluded that the absorption 
of arsenic must take place mainly through the leaves, and that the resultant 
effect is caused by changes in the internal factors of growth. It has been 
found in this Laboratory that the amount of arsenic in the pulp of sprayed 
oranges is either nil or exists in such small amounts that the arsenic cannot 
be determined by means of the electrolytic Marsh test. These observations, 
however, would seem to indicate that the intensity of the effect must be 
closely related to the amount of water-soluble arsenic in the material used 
for preparing the spray mixture. 


SuGaR CONTENT OF THE JUICE. 


In studying the composition of the soluble solids in the juice of fruits 
there can be no question of the importance of the sugars, and, in general, 
the greater proportion of the soluble solids consists of sugars. In most 
cases where the examination of the sugar content of fruits has been reported 
the results have been expressed in terms of total sugars and reducing sugars, 
the difference measuring the amount of cane sugar present. Bigelow and 
Gore (5) not only report the reducing sugar and total sugar in terms of 
invert sugar, but also calculate the amount of cane sugar from the difference, 
and compare the result with the amount of cane sugar determined by 
polarimetric methods. The results are in very good agreement. These 
workers concluded that the percentage of sugars in the pulp of oranges 
increased during the whole period of observation, the amounts of reducing 
sugar and cane sugar being very nearly equal. The weights of these sugars 
per fruit also increased uniformly during ripening. Other workers dealing 
with the storage of various fruits have generally expressed the sugars in 
similar terms. Evans (16) has, however, investigated the problem of the 
nature as well as the amount of the various sugars present in apples, and has 
shown that in apples the cane sugars varied considerably in comparison with 
the variations in the content of reducing sugars. The reducing sugars 
contain about three to four times as much fructose as glucose. During this 
work the author investigated fullythe methods of analyses, and has described 
the methods finally adopted for determining the amounts of fructose, glucose, 
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and cane sugar. In the present work the amounts of these sugars in the 
juice of oranges were determined during the whole period of investigation, 
using, in general, methods based upon those described by Evans. 

Before proceeding to the actual determination of the sugars, the juice 
must be clarified to remove interfering substances. The method adopted 
has proved very satisfactory in practice. An aliquot of the expressed juice, 
generally 25 c.c., was transferred to a 250-c.c. measuring flask and diluted 
to about 100 c.c. with distilled water. The diluted juice was then almost 
neutralised with 5 per cent. caustic soda, and sufficient saturated normal 
lead-acetate solution was added to cause complete precipitation. The flask 
was then filled to the mark and well shaken. After standing for about ten 
minutes, the mixture was filtered, using a rapid filter-paper. An aliquot 
of the filtrate, generally 100 c.c., was transferred to a 250-c.c. measuring 
flask, and a volume of 20 per cent. potassium-oxalate solution, equal to the 
volume of lead-acetate solution previously used, was added to precipitate 
the excess of lead. After standing for a short while to allow complete 
settling of the precipitate, the mixture was filtered, using a closer filter- 
paper than before. The filtrate so obtained was perfectly clear and 
colourless, and this solution, diluted or inverted when necessary, was used 
for the final determination of sugar. 

The reducing sugars and the total sugars after inversion were determined 
by the method of Lane and Enyon (31) in which methylene blue is used as 
an internal indicator. This method has been found to be very satisfactory. 
For inversion, 100 c.c. of the clear solution were transferred to a 200-c.c. 
measuring flask, and 5 c.c. of concentrated hydrochloric acid were added. 
The flask was then placed in a water-bath kept at 70° C. and removed after 
45 minutes. After cooling, the solution was neutralised with caustic-soda 
solution made up to the mark, and the total sugar immediately determined. 
The difference between the total sugar and the reducing sugar was converted 
into cane sugar. The glucose was estimated in the clarified solution by 
means of the iodine-oxidation method developed by Hinton and Macara (27). 
This method has been investigated in detail by various workers, and Evans 
(16) has shown that the results obtained agree very well with those obtained 
by means of a polarimeter. The amounts of glucose and fructose present 
were calculated from the amount of iodine used in the oxidation and the 
amount of copper reduced in determining the reducing sugars. In order 
to determine whether there was any loss of sugar during the process of 
clarification, two samples of mixed juices were taken, and the sugars 
estimated both in a clarified and in an unclarified solution. The latter 
was prepared by carrying out the dilutions in exactly the same manner 
as in the case of the clarified juice, except that no lead acetate or potassium 
oxalate was added. 
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The results obtained, together with the probable errors of the means, are 
given in Table XXI. 


TABLE XXI. 


| | 
Sample. Total sugar. | Reducing sugar. | Glucose. 


A. Unclarified 9-93 40-010 4-87+0-005 1-33+-0-002 
Clarified 
B. Unclarified 10-38+0-020 5-00+0-005 


10-41 +0-010 4-99-—0-016 


9930-014 4880-005 1:31-£0-004 
Clarified | ig 


These results show clearly that there was no loss of sugar during clari- 
fication. The values for the glucose, determined by the iodine method, were, 
however, somewhat higher in the unclarified solution, and as a result slightly 
lower results were obtained for the fructose. It would appear that treat- 
ment with lead acetate removes some compound which is capable of being 
oxidised by iodine. For this reason it is advisable to clarify the solution 
when glucose is to be determined. The probable error of a single deter- 
mination in all cases was —0-3 per cent. of the reading. In the present 
work the estimations of the different sugars were carried out in the juice 
from individual oranges, so that the error due to random sampling could 
readily be determined if necessary. Since, as will be shown later, the sugar 
and soluble solids are very closely related, the same number of oranges 
would be required to reduce the sampling error to the same order of accuracy 
in both cases, and it is unnecessary to discuss this problem in detail for the 
sugar content of the juice. In practice, the soluble solids are generally 
regarded as a measure of the sugar content. 

Before proceeding to study the changes in the sugar content from a 
theoretical point of view, it is proposed to discuss the question of the effect 
of spraying with lead-arsenate mixtures upon this factor. In the first place 
it has been shown that, in the case of the soluble solids and acidity, the slight 
differences in the spray mixtures in the two sub-series caused.no significant 
differences in effects, and for purposes of comparison it was sufficient to 
employ the average values for the two sub-series to represent the results for 
sprayed oranges. It would hardly be expected that the substitution of 
treacle for sugar in the spray mixture would cause any profound changes 
in the composition of the fruit. In an earlier paper (11) it was concluded 
that, as the result of spraying with lead-arsenate mixtures, the proportion of 
cane sugar was reduced, while there was an increase in the proportion of 
reducing sugar. It has heen pointed out that, for purposes of comparison, 
it is essential to know the composition of a “ normal” orange, and that the 
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samples of oranges from unsprayed trees contained oranges from trees 1 
and 6 which were abnormal in composition. For this reason the data for 
the sugar content of the oranges from these two trees have been discarded 
in determining the composition of a “normal” orange at the different 
stages of growth. The resulting data were then used as the control samples. 
In order to obtain a complete picture of the effects of spraying, the weights 
of the various sugars per fruit have also been studied, and these were 
obtained according to the formula employed in the case of the soluble solids. 
In order to estimate the significance of the differences in the percentages 
and weights of the various sugars, the “t” method of Fisher (17) was 
applied to the series of mean differences obtained in each case between the 
values for the sprayed and unsprayed oranges during the ripening period, 
with the results shown in Table XXII. 


TABLE XXII. 


Mean difference ym Mean difference 


Factor (b—a). in percentage. in weight. 


Total Sugar ‘ +0-29 2°23 +0-83 2-92 
Cane Sugar ; +0°38 5°50 +0-74 4-18 
Fructose . —0-05 0-95 +0-07 0-72 
Glucose. —0-04 0-50 +0-01 0-27 


For a probability of 20 to 1 the value of “‘¢” should be at least 2-16 for 
the number of samples employed. The results show that the total sugars 
in the sprayed oranges were significantly greater both in percentage and in 
total weight per fruit than in the unsprayed oranges. On examining the 
results for the constituent sugars it will be seen that it was the cane sugar 
alone which accounts for the significant difference, and that there was no 
significance in the differences in the case of the fructose and glucose. At 
the same time it can be shown that the rates of change of the differences 
were not significant, and this would seem to indicate that the differences 
are inherent, due to the characteristics of the individual trees in the different 
series. In order to eliminate the effects caused by individual character- 
istics of the different trees, the ratios between the different sugars and the 
soluble solids would seem to offer a better basis for comparison. In this 
way the effects due to the varying soluble solid content in the oranges would 
be compensated, and if the distribution of the sugars is not affected by the 
spraying, the relationships between these factors should be constant. With 
this object in view, the ratios given in Table XXIII have been calculated. 
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T.S.=total sugar ; 


For convenience the following symbols have been used : 
8.S.=soluble solids ; 


Su.=cane sugar ; 


F.=fructose ; G.=glucose. 
TaBLe XXIII. (Unsprayed.) 

Time in T.S Su. F. F. F.+4Su. 

days. SS. TS. TS. G. G.+4Su. 
0 0-700 0-499 0-358 2-50 1-54 
12 0-710 0-519 0-346 2-57 1-54 
19 0-708 0-506 0-358 2-63 1-57 
26 0-753 0-497 0-367 2-69 1-60 
33 0-720 0-511 0-353 2-60 1-55 
41 0-717 0-497 0-364 2-58 1:57 
48 0-756 0-502 0-360 2-61 1-57 
62 0-722 0-500 0-365 2-70 1-60 
69 0-749 0-512 0-350 2-53 1-54 
76 0-757 0-516 0-350 2-63 1-55 
. 83 0-713 0-517 0-346 2-53 1-53 
= 89 0-732 0-509 0-357 2-67 1-58 
= 97 0-722 0-507 0-357 2-62 1-57 
ee 104 0-741 0-481 0-377 2-65 1-61 
Mean 0-729 0-505 0-358 2-61 1-56 

TaBLe XXIII. (Sprayed.) 

Time in T.S. Su. F. F. F.+4S8u. 

days. TS. TS. G. G.+4Su. 
< 0 0-711 0-505 0-356 2-56 1-56 
Sait 12 0-731 0-539 0-334 2-63 1-53 
i 19 0-719 0-523 0-346 2-62 1-54 
3 26 0-774 0-516 0-354 2-70 1:57 
33 0-742 0-536 0-336 2-63 1-52 
41 0-761 0-534 0-341 2-70 1-55 
48 0-757 0-541 0-332 2-63 1-52 
62 0-764 0-523 0-347 2-67 1-55 
69 0-769 0-545 0-330 2-65 1-52 
76 0-762 0-533 0-338 2-62 1-52 
4 83 0-773 0-519 0-345 2-54 1-53 
a 89 0-761 0-527 0-345 2-68 1:55 
97 0-740 0-505 2-62 1-57 
a 104 0-742 0-539 0-335 2-65 1-53 
£ Mean 0-750 0-528 0-343 2-63 1-54 
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In the first place these results indicate that the ratio of total sugars to 
soluble solids increased slightly in the initial stages of the investigation, but 
that after a short period a more or less constant value was reached. This 
change is evident in both series and will be discussed later. The results 

in Table XXIII show that the relative proportions of cane sugar, fructose, 
| and glucose remained practically constant during the whole period of 
ripening. The cane sugar accounted for slightly more than 50 per cent. of 
the total sugars, while the fructose was about 2-6 times the amount of glucose, 
and the ratio remained remarkably constant during the period of ripening. 
If the cane sugar be regarded as a potential source of fructose and glucose, the 


F.+48u. 
G.+48u. 
total fructose and total glucose in the juice of the oranges. The remarkable 
constancy of this ratio during the whole ripening period is clearly evident, 
the mean value for both series being 1-55. These results indicate that an 
equilibrium is maintained between the various sugars during the whole 
period of ripening. 

On comparing the results for the unsprayed oranges with those for the 
sprayed oranges, it can be readily shown that the proportion of total sugars 
in the soluble solids was significantly greater in the sprayed oranges. The 
mean difference has a value of +0-021-+0-0046 and persists throughout the 
period of ripening. At the same time the proportion of cane sugar in the 
total sugars was higher in the sprayed series, the mean difference being 
+0-023-+-0-0041. This result indicates that the differences were mainly 
due to the increased content of cane sugar in the sprayed oranges. The 
ratio Su./T.S. in each series separately remained practically constant during 
the whole ripening period, so that the difference must be manifest in the 
very early stages of formation of the orange. These conclusions are, 
however, not in accordance with the results which have previously been 
reported (11), in which it was shown that the proportion of sucrose tended 
to be lower in the sprayed oranges. There is the possibility that, since the 
amount of sucrose tends to decrease during storage, the lower proportion 
of sucrose previously obtained might be due to the effects of storage. From 
the results obtained in the present work it follows that the proportions of 
reducing sugars to total sugar must be slightly lower in the case of the 
sprayed oranges. For example, in the case of the rate F./T.S. the mean 
difference was —0-015-+0-0032. At the same time the ratio F./G. remained 
remarkably constant, both during the whole ripening period and for the 
two series. The mean value was 2-62, and the mean difference between the 
two series was +0-02+0-013, which is not significant. In addition, the 
ratio involving the potential amounts of fructose and glucose also remained 
practically constant, the mean value being 1-55. It is clear, however, that 


ratio may be regarded as a measure of the relationship between the 
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although the spraying with lead arsenate may affect slightly the relative 
proportions of the various sugars, there was no significant effect upon the 
growth changes, since the ratios between the cane sugar, fructose, and glucose 
remain unaltered during the period of ripening. The sugars must form the 
main source of respirable material in the fruit, and it may be concluded that 
the spraying with lead-arsenate mixture has had no effect upon the ultimate 
metabolic activity of the fruit so far as the carbohydrate content is con- 
cerned. In order therefore to study the changes in the sugar content of 
the oranges during ripening, it wili be sufficient to employ the mean values 
obtained by combining the resulis for both sprayed and unsprayed oranges. 

The results obtained in the present work for the sugar content of oranges 
during ripening are given in Table XXIV, in which the mean values for the 
two series are reported. 

TaBLe XXIV. 


In grams per 100 c.c. juice. In grams per fruit. 
in days. 
‘ Fructose.| Glucose. Fructose.| Glucose. 
0 9:03 | 4-54 3°23 1:28 | 10:18 | 5-11 3°64 1-42 
12 9-38 | 4:96 3-19 1:23 | 11:09 | 5-88 3°77 1-45 
19 9-11 4-68 3-20 1-22 11-85 6-08 4-11 1-59 
26 10-27 | 5-22 3°71 1:37 | 13-16 | 6-69 4-76 1-76 
33 9-90 | 5-19 3-41 1:31 12-91 6-76 4-45 1-70 
41 10-41 | 5-36 3°65. | 1:38 | 13-16 | 6-77 4-61 1-74 
48 10-61 | 5-56 3°69 1-41 15°32 | 8-04 5°33 2-04 
62 10-34 | 5-30 3°68 1:38 | 15:08 | 7-60 5°35 2-00 
69 10-46 5°53 3°56 1°38 15°82 8-36 5°38 2-08 
76 10°65 | 5:59 3°67 1-40 | 16:05 | 8-44 5-53 2-11 
83 10-82 | 5-61 3°74 1:48 | 16-72 | 8-63 5-75 2-27 
89 11-15 | 5-79 3°92 147 | 16:09 | 8-35 5:66 2-11 
97 10-96 5-55 3°92 1-50 15-73 7:94 5-61 2-14 
104 11-11 5-68’ 3°94 1-49 16-31 8-37 5-76 2°17 


These results indicate that the various sugars increase both relatively 
and absolutely in the oranges during ripening, and are in accordance with 
the results obtained by Bigelow and Gore (5). The changes can be most 
readily followed by means of curves, and the course of the changes for the 
total sugar may be seen by reference to fig. 6, in which the percentage in 
the juice and the weight per fruit are shown. The curves for the remaining 
sugars are exactly similar in form in accordance with the fact that the 
relationships between them remain constant. The cane sugar accounts for 
about 50 per cent. of the total sugar, while the fructose is about 2-6 times 
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the amount of glucose. This ratio is about the same as occurs in the case 
of apples (16) and pears (15). It would appear that the various sugars 
accumulate at relatively the same rate, so that a more or less stable equili- 
brium is maintained. On the other hand, during storage the amount of 
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Fic. 6.—Changes in the total sugars. 
© Grams of sugar per fruit. 
@ Grams of sugar per 100 c.c. juice. € indicate the values corrected for transpiration. 


invert sugar generally tends to increase at the expense of the sucrose, in- 
dicating that hydrolysis occurs under these conditions. In this connection 


F.+48u. 
aie must have an important bearing on the problem of the 


quality of the fruit. As previously mentioned in the case of other factors, 
the difficulties of sampling exclude the possibility of the observed data 
falling completely on any given smooth curve, and this is particularly the 
case in a fruit such as the orange. However, the resemblances between the 
curves for the various sugars and the constant equilibrium between the pro- 
portions of these sugars indicate that the same types of curves will serve to 
express the changes in each of the individual sugars in the orange. Deviations 
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from the curves may be ascribed both to temporary fluctuations in 
the external conditions and to the variations due to sampling. In this 
connection it must be remembered that there is an abnormal increase in the 
concentration of the soluble solids in the juice during the last three weeks 
of the investigation, due to the dominant effect of transpiration during this 
period. The loss of weight of the pulp during this period was about 5 per 
cent. of its actual weight, and by making use of this figure an approximate 
correction can be made to the observed concentrations in order to eliminate 
the abnormal effects of transpiration. In fig. 6 the corrected figures have 
been indicated in a suitable maaner. 

It has been pointed out that the ratio of total sugars to soluble solids 
increased in the early stages of the present investigation. The initial value 
of about 0-70 increased to about 0-75, after which the value remained 
practically constant. The present investigation was not sufficiently 
extended to determine the full course of this change, but there can be no 
doubt, however, that at least two cycles of growth must occur during the 
full development of the orange. In the very early stages of formation the 
major portion of the acid and cell-wall material must be formed. It has been 
shown that the period of the present investigation coincides more or less 
with the final growth cycle. During this period there is a decrease in the 
proportion of acid in the juice and of cell-wall material in the pulp, and there 
must therefore be a corresponding increase in the proportions of total 
sugars in the soluble solids, even assuming that the absolute amount of 
sugar does not show any definite increase. It may be assumed that the 
percentage of sugar in the juice increases practically from zero in the initial 
stages of formation of the fruit. At the end of the initial cycle of growth 
a second cycle commences during which the absolute weight of acid remains 
very nearly constant, but in the initial stages of this cycle the weight of 
sugar per fruit increases slowly, and owing to the weight of acid remaining 
nearly constant, the percentage of sugar in the juice increases more rapidly 
than might be expected. It would appear, therefore, that two slightly dif- 
ferent forms of expression would probably be necessary to denote the changes 
in the percentage of sugar in the juice and in the weight of sugar per fruit. 

It has been found that the usual autocatalytic equation can be used to 
express the changes in the sugar content of the juice of oranges, the same 
form of expression being applicable to the individual sugars. The expression 
used has the form 


x 
log .——=K(t—,). 
og (t—t,) 


The significance of the various constants has already been discussed and a 
more detailed account of this expression has been given in work dealing 
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with the ripening of grapes (10). At the same time the changes in the 
absolute weights of the various sugars per fruit can be expressed by means 
of the modified autocatalytic expression that was used in the case of the 
soluble solids, namely, 

log . 
a—zx 
The development of this equation and its significance in indicating the 
existence of at least two growth cycles have been fully discussed elsewhere 
in this paper. At the present time no figures are available to indicate the 
nature of the changes in the very early stages of development of the orange. 
The constants obtained for the various sugars from the experimental data 
are given in Table XXV in which logarithms to the base 10 were used. 


TABLE XXV. 
Sugars per 100 c.c. of Juice. 

Factor. a. K. t. k. x 10-*. 
Total Sugar . 10°83 0-0130 —52 0-00120 8°33 
Cane Sugar . 5-60 0-0150 —40 0-00268 3°73 
Fructose : 3-80 0-0110 —63 0-00290 3-45 
Glucose . ; 1-43 0-0117 — 66 0-00818 1-22 


Weight of Sugar per Fruit. 


Factor. a. K. t. k. x 10-2. 


Total Sugar . 8-05 16°83 | 0:0193 | 26 0-00220 4-55 


Cane Sugar .| 4-12 8-68 | 0-0204 | 26 0-00447 2-24 
Fructose ‘ 2-88 5-88 | 0-0187 | 27 0-00623 1-61 
Glucose. , 1-09 2-24 | 0-0176 | 26 0-01530 0-65 


The agreement between the observed and calculated results is shown in 
fig. 6. It will be observed that, when the observed readings are corrected 
for transpiration, the agreement with the calculated results is very much 
closer. In order to test whether the modified autocatalytic equation was 
better suited for expressing the changes in the weights of the various sugars 
per fruit than the sample form, such as that used for the percentage of sugar, 
the variances for both types of expression were calculated. The results are 
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given in Table XXVI, the constants for the second type of equation being 
determined by the method of least squares. 


TABLE XXVI. 
(a—m)* 


Variances 


Factor. Log. expression. | Log. expression. 


Total Sugar ‘ ? 0-2198 0-2741 
Cane Sugar 0-0966 0-1030 
Fructose . 0-0290 0-0332 
Glucose. 0-0050 0-0067 


These results indicate that the modified form of expression gives results 
which agree somewhat more closely with the observed figures, and it may be 
concluded that there are definitely at least two cycles of growth changes in 
the case of the weights of sugar per fruit. Examination of the results in 
Table XXV show that the values of “a” and “c” are in accordance with 
the condition that the final amount of total sugar must necessarily be equal 
to the sums of the amounts of the component sugars, and it may be con- 
cluded that the final growth cycle is coincident for the various sugars. It 
is also clear that the growth-capacity constants, “a/K ” or “ (a—c)/K,” for 
the total sugar are equal to the sum of the growth-capacity constants for the 
individual sugars, and are directly related to the various proportions in which 
the sugars are present in the juice. This constant indicates clearly the 
relative importance of the individual sugars in the production of the total 
sugar in the fruit. During the ripening of oranges it would appear that a 
definite equilibrium is set up between the various sugars, and this is main- 
tained unchanged during the whole period of ripening. The nature of this 
equilibrium must be dependent upon internal factors, while the actual rate 
at which the sugars are formed is dependent upon external environmental 
conditions. In the present investigation the external conditions were, as far 
as possible, the same for all the trees. 

The effect of spraying the trees with lead-arsenate mixtures must be 
regarded as due to the action of internal physiological factors. This result 
is brought about by the absorption of arsenical compounds by the tree and 
is confined to such compounds. Under these circumstances, variations in 
the method of application can hardly be expected to overcome the deleterious 
action of arsenate sprays. In order to eliminate the difficulties associated 
with the production of an insipid flavour in the fruit by the use of such 
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sprays, the whole method of combating insect pests in citrus cultivation will 
have to be completely altered and entirely new methods introduced. 


NITROGEN CONTENT OF JUICE. 


In considering the minor constituents of fruits there can be no question 
of the importance of the nitrogen-containing compounds, since they form 
an essential part of the protoplasm. The nitrogen content of a number of 
fruits has been reported by KGnig (29), while Archbold (1) has discussed the 
nitrogen content of stored apples, and has concluded that, in apples, this 
element is present entirely in the form of protein. This worker has con- 
cluded that the nitrogen is stored early in the process of development, and 
that there is a loss during storage. In a paper dealing with the nitrogen 
content of some fruits the present author (13) has reported the nitrogen 
content of the skin, juice, and “rag” of oranges, and has shown that 
spraying with lead arsenate produced no effects in the case of this factor. 
The skin and “rag” contained a greater proportion of nitrogen than the 
juice. In this connection van Slyke (37) states that excess of nitrogen 
tends to produce citrus fruits of poor quality, such as coarse texture, thick 
rough skin, and lack of fine flavour, while the use of potash results in the 
production of thinner skin, larger proportion of pulp, and sweeter juice. 
Archbold (1) has found that the presence of other forms of nitrogen than 
protein in apples is extremely doubtful, and the total nitrogen content was 
regarded as a comparative measure of the protoplasm present. In this 
connection it may be pointed out, however, that the exact nature of the 
nitrogenous compounds in fruits is extremely indefinite. In most reports 
of the analysis of fruits the term “ protein,”’ obtained by use of an empirical 
factor from the nitrogen content, has been endowed with a very compre- 
hensive meaning to include all the various nitrogen compounds in the fruit. 
The term “ protein ” possesses little real significance in this respect, and for 
comparative purposes has no advantage over the use of the simple nitrogen 
content. 

In the present work the nitrogen content of the juice alone was studied, 
and was determined by the usual Kjeldahl method, using copper sulphate as 
the catalyst. Five c.c. of juice were digested with 10 c.c. of concentrated 
sulphuric acid and a crystal of copper sulphate. After the mixture had 
become clear it was diluted in the digestion flask and excess caustic soda 
added. The mixture was distilled into 10 c.c. N/10 sulphuric acid and the 
distillate titrated with N/25 caustic soda, using methyl red as indicator. 
The range of the experimental error was determined in a sample of mixed 
juice. The mean of fifteen determinations was found to be 0-109 per cent., 
and the standard deviation was +0-0022. The probable error of a single 
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determination was therefore +1-3 per cent. of the mean. The method used 
was sufficiently accurate for all practical purposes. 

The determinations of the nitrogen content of the juice were carried out 
some months after the analysis for sugar and acid had been completed. 
Mixed samples of the juice from oranges in two series were heated to 70° C. 
for one hour and, after cooling, a crystal of thymol was added. The juices 
were transferred as soon as possible to bottles, which were then tightly corked. 
The juice, preserved in this way, remained unaffected for some months, 
until the determinations of nitrogen and ash could be undertaken and com- 
pleted. In each weekly batch of samples at least four separate samples of 
mixed juice were preserved in the case of both the sprayed oranges and the 
unsprayed oranges. 

In order to determine whether the nitrogen content of the juice was 
affected by spraying with lead-arsenate mixtures, the “t”’ method of Fisher 
(17) was applied to the series of mean differences between the two series of 
results. The mean difference was +0-004 and the value of “t” was 1-62. 
This value has no significance, and it must be concluded that spraying had 
no effect upon the nitrogen content of the juice of oranges. This conclusion 
is in agreement with that previously obtained (13). The mean values 
obtained from both series will therefore represent the changes which occur 
during ripening in the nitrogen content of the juice. The amount of soluble 
nitrogen per fruit can be estimated in the same way as the other factors 
already dealt with. 

Similar conclusions regarding the effect of spraying can be drawn as in 
the case of the nitrogen content of the juice. 

The data obtained for these two quantities are given in Table XX VII, in 
which the amount of nitrogen is expressed in terms of grams per 100 c.c. of 
juice and in grams per fruit. 


TABLE XXVII. 


Time in days. Nitrogen in juice. Nitrogen per fruit. 


0 0-120 0-135 
12 0-104 0-123 
19 0-110 0-144 
26 0-106 0-136 
33 0-113 0-147 
4] 0-106 0-134 
48 0-099 0-143 
62 0-123 0-178 
69 0-108 0-163 
76 0-108 0-163 
83 0-132 0-203 
89 0-131 0-189 
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It will be seen from the table that the percentage of nitrogen remained 
practically constant during the period of ripening. It can readily be shown 
that the rate of change of this factor was not significant, the value of “t” 
being 1-70. Since the weight of the pulp increased during this period, it 
follows that the amount of soluble nitrogen per fruit must also increase. 
The changes in these two factors can be clearly seen by reference to fig. 7. 
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Fic. 7.—Changes in the nitrogen content of the juice. 
© Grams of nitrogen per fruit. 
@ Grams of nitrogen per 100 c.c. juice. 


The mean value of the percentage nitrogen in the juice was 0-113 per cent., 
which is in close agreement with the value of 0-120 per cent. obtained in a 
previous paper (13), while the mean weight of soluble nitrogen per fruit was 
found to be 0-155 grams. This latter figure agrees very well with the value 
found for the sum of the weights of nitrogen in the “ rag ” and juice, namely, 
0-166 grams. Archbold (1) has shown that, in apples, the nitrogenous 
substances in the sap are nearly all colloidal, and that most of the nitrogen 
in the expressed sap comes from the protoplasm. The results in the case of 
oranges would seem to corroborate this idea. 
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In order to ascertain the relationship between the nitrogen content and 
the soluble solids in the juice various relationships were tested, the most 
interesting of which were those involving the undetermined soluble solids. 
No definite relationships could be shown to exist between the nitrogen 
content of the juice and either the acidity or the sugar content. The un- 
determined soluble solids varied from about 1-70 per cent. to about 2-94 
per cent., and were positively correlated with the nitrogen content of the 
juice. When the weights of the different factors per fruit were examined 
there was apparently a significant correlation between the nitrogen and the 
sum of the acid and sugar. This could be readily understood when it is 
realised that these quantities must be positively correlated with the weight 
of pulp. With percentages the correlation was definitely non-significant. 
The values for the correlation coefficients are given in Table XXVIII. 


Taste XXVIII. 


Correlation. Percentage. Weight. 
Sugar+Acid and Nitrogen . +0:173 +0-752 
Sol. Solids—(Sugar+-Acid) and Nitrogen +0-778 “+0-898 


The value of “7” for a 20 to 1 significance is 0-402, so that there was 
definitely no significance between the first pair of factors, while that between 
the second pair was significant. The influence of the increasing weight of 
pulp is clearly shown by the results in the second column. The relationship 
between the undetermined soluble solids and the nitrogen is shown in fig. 8. 
Since the nitrogen content has generally been accepted as a measure of the 
protoplasmic content of the organism, the importance of this relationship 
is clear. In apples it has been found that a high nitrogen content is associ- 
ated with a high respiration rate, and it is suggested that the quantity of 
protoplasm determines the rate of oxidation. Under such conditions the 
nitrogen content of the fruit must have an important bearing on the storage 
properties. 


AsH CONTENT OF THE JUICE. 


Very little information is available concerning the changes in the mineral 
content of the juice of oranges during ripening, and it was decided to in- 
vestigate this problem in connection with the effects due to spraying with 
lead arsenate. Ké6nig (29) has reported the analyses of the ash of several 
varieties of oranges with a mean value of 0-34 per cent. of ash in the juice. 
Wiley (39) states that citrus fruits contain somewhat larger amounts of 
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lime and iron than ordinary fruits, while phosphoric oxide is the most im- 
portant of the acid constituents of the ash. The ash of nearly all fruits 
contains a high proportion of potash, and in orange juice the potash amounts 
to about 50 per cent. of the ash. Brown (9) has studied in detail the mineral 
content of apples, and has shown that seasonal differences exert very little 
influence upon the distribution of the mineral constituents in comparison 
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Fic. 8.—Relationship between the soluble nitrogen and the residual soluble solids. 


with the effects produced by soil differences. This worker concluded that 
good keeping qualities were associated with high percentages of potash 
and phosphate. In the present work the total ash, potash, lime, magnesia, 
iron, and phosphate content of the juice of oranges was studied. The methods 
of analyses were largely based upon the work of Brown on apples. The 
samples employed were the same as had been used in the determination of 
the nitrogen content of the juice, the samples being obtained in the two 
series of sprayed and unsprayed oranges. 

The total ash was determined in 25 c.c. of the juice by drying in a 
platinum dish on a water-bath and finally igniting at a low red heat in an 
electric muffle furnace. The ash was burnt until the residue was white or 
only slightly greyish. The residue was treated with dilute hydrochloric acid 
and evaporated to dryness to render silica insoluble, after which it was 
taken up with water to which a few drops of hydrochloric acid had been 
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added. The solution was filtered into a 100-c.c. measuring flask and then 
used for the determination of potash, lime, phosphate, and ferric oxide. For 
the estimation of magnesia a separate aliquot of the juice was ashed and a 
clear solution obtained in the same way. The potash was estimated by the 
cobaltinitrite method as outlined by Milne (34), which proved to be very 
satisfactory, giving close agreement between duplicates. The lime was 
estimated by means of permanganate. The solution was boiled with 0-5 
gram of ammonium acetate and the lime precipitated by adding boiling 
ammonium oxalate. The liquid was a!lowed to stand overnight and then 
filtered through a small filter. The precipitate was washed with cold water, 
and both paper and precipitate were transferred to the beaker. Ten c.c. of 
dilute sulphuric acid were added and the hot solution titrated with N/50 
permanganate. The phosphate was determined colorimetrically by the 
standard molybdate method, as described by Lonstein (32), while the iron 
was estimated colorimetrically by the thiocyanate method. The magnesia 
was estimated volumetrically by means of the method outlined by Brown (9). 

In order to obtain some idea of the probable errors of experiment, a 
sample of mixed juice was used and the various constituents determined in 
the ash. From the results the standard deviation and the coefficient of 
variation were determined. The data so obtained are given in Table XXIX, 
the mean being in terms of grams per 100 c.c. of juice. 


TABLE XXIX. 

Constituent. Mean. — 
Ash. 0-375 -+-0-0068 1:8 
Phosphate . 0-0289 +0-00072 2°6 
Potash : 0-1957 +0-0034 1:7 
Lime . : ‘ : 0-0205 +0-00084 4-0 
Magnesia. 0-0213 +0-00059 2°8 
Ferric Oxide . 0-00063 +0-000020 2°6 


This table shows that all the constituents may be determined with very 
nearly the same order of accuracy. The range of variation is slightly greater 
in the case of the lime. The absolute amount of iron would probably be 
somewhat high owing to the use of a knife for cutting the oranges, but the 
relative changes in the iron content of the juice will still be comparable. 
The results show that the methods adopted are sufficiently accurate for the 
present investigation. 

Before proceeding to discuss the changes which occurred in the mineral 
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content of the juice during the process of ripening, it is proposed to examine 
the effects due to spraying with lead-arsenate mixtures. As in previous cases 
the ‘‘t”’ method of comparison has been used, and the average values for the 
two sub-series have been used to represent the results for sprayed oranges. 
The results of the comparison are given in Table XXX, in which the mineral 
constituents have been compared first on the basis of grams per 100 c.c. of 
juice, and secondly, on the basis of the proportions of the constituents in the 
ash itself, and in which the results for the unsprayed oranges are used as the 
“normal ” values. 


TaBLE XXX. 

Ash . +0-023 4-61 
Phosphate . +0-0014 2°28 —0-12 0-40 
Potash +0-013 3°56 +0-08 0-22 
Lime. —0-003 0-70 —0-47 4-75 
Magnesia +0-0008 1-13 —0-13 0-63 
Ferric Oxide —0-000058 1-41 —0-031 2-72 


For a probability of 20 to 1 the value of ‘“¢”’ must be at least 2-23. 

These results indicate that there is a definite increase in the amount of 
ash in the juice of the sprayed oranges, the absolute difference being, how- 
ever, small. At the same time the weight of ash per fruit was significantly 
greater in the sprayed oranges, the value of the mean differences being 
+0-050 and the value of “t” being 6-25. The differences in the ash 
content in the two series seem to be due mainly to the fact that the phos- 
phate and potash content in the juice of the sprayed oranges were signifi- 
cantly greater than in the unsprayed oranges. It will be seen, however, 
that the relative proportion of these two constituents in the ash was 
not affected by spraying with lead arsenate, but, at the same time, there 
was a relatively smaller amount of lime and ferric oxide in the ash of the 
sprayed oranges. In this connection it is interesting to note that potash is 
regarded as being intimately related to the carbohydrate metabolism of a 
plant. 

However, the amount of ash in the juice is relatively small, and for 
purposes of studying the changes during ripening it will be sufficient to 
regard the mean values from both series as representing the changes. The 
results are given in Tables XXXI and XXXII. In the first table the 
factors are expressed in grams per 100 c.c. of juice, and in the second as 
percentages of the ash. 
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TABLE XXXI. 


Ferric 


Phosphoric | potash. | Lime. | Magnesia. oxide 


oxide. 


0-054 0-181 0-023 
12 0-381 0-046 0-190 | 0-023 0-015 0-00109 


19 0-372 0-052 0-175 0-022 0-009 0-00106 
26 0-397 0-040 0-187 0-022 0-015 0-00100 
33 0-377 0-034 0-178 | 0-021 0-014 0-00083 
41 0-359 0-033 0-181 0-020 0-013 0-00067 
48 0-350 0-033 0-176 0-020 0-012 0-00076 
oe 62 0-411 0-033 0-213 0-020 0-015 0-00072 

me eee 69 0-360 0-034 0-187 0-020 0-016 0-00063 
76 0-377 0-036 0-200 0-019 0-019 0-00056 

83 0-436 0-042 0-232 0-022 0-020 0-00072 


0-038 0-210 0-020 


TaBLE XXXII. 


As percentages of ash. 

Potash. Lime. | Magnesia. 

0-451 13°5 46-1 6-0 4-9 0-38 

12 0-450 11-7 48-4 5°8 0-28 
19 0-488 12-9 47-1 5:8 2-5 0-29 
26 0-509 10:1 46-0 0-25 
33 0-491 9-4 47-5 5:7 3°8 0-22 
41 0-454 9°3 49-8 5-4 3-7 0-19 
48 0-506 9-4 49-5 5:8 3°6 0-21 
62 0-597 | 8-1 4°8 3-7 0-18 
69 0-545 9-4 51:3 5°6 4-5 0-18 
76 0-568 9-2 52°8 5:1 5-1 0-15 
83 0-654 9-1 52°6 5-0 4-8 0-16 
89 0-574 9-8 53-1 5-1 5-4 0-16 


During the period of ripening there was no significant increase in the 
proportion of ash in the juice, but since the amount of pulp increased, it 
follows that the weight of ash per fruit must have increased, as is evident 
from Table XXXII. Inthe early stages of the investigation the percentage 
ash decreased somewhat until a minimum value was reached, after which 
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it increased until at maturity the proportion of ash was slightly higher than 
the initial value. The changes in this factor and those in the weight per 
fruit are shown in fig. 9. The average amount of ash in the juice was 
found to be 0-385 per cent., which is in close agreement with that reported 
by Kénig (29). Sherman (36) reports the mineral content of orange juice as 
follows: Phosphate 0-037 per cent., potash 0-219 per cent., lime 0-041 per 


oss 

A 

OS iLL 1 i DAYS — 1 1 1 1 

(4) 12 26 41 62 76 89 


Fic. 9.—Changes in the ash content of the juice. 
O Weight of soluble ash per fruit. 
@ Grams of ash per 100 c.c. juice. 


cent., magnesia 0-018 per cent., and ferric oxide 0-0003 per cent.; while the 
average values obtained in the present work were: 0-038 per cent., 0-193 
per cent., 0-021 per cent., 0-016 per cent., and 0-00085 per cent. respectively. 
These sets of results are in close agreement with one another. When the 
. data are expressed in terms of the proportions of the constituents in the ash, 
the mean values obtained were: Phosphoric oxide 10-2 per cent., potash 
49-7 per cent., lime 5-5 per cent., magnesia 4-2 per cent., and ferric oxide 
0-22 per cent., as compared with the results reported by Wiley (39) for the 
ash in orange juice, namely, 8-0 per cent., 47-2 per cent., 5-3 per cent., 1-8 
per cent., and 3-5 per cent. These results also agree closely with the excep- 
tion of those for the ferric oxide, but there can be very little doubt that the 
result reported by Wiley is too high. 
VOL, XIX, PART II. 12 
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In examining the results in detail it must be remembered that the data 
as determined only represent the materials which are expressed in the juice. 
The proportion of phosphate, both in the juice and in the ash, decreased 
during the period of ripening, and it would appear that storage of phosphate 
must occur in the early stages of formation of the fruit. It is generally 
supposed that phosphorus is intimately related to the protoplasm, and in 
such circumstances it is clear that, in the early stages of growth, the 
development of the organism must be dependent upon the activity of the 
protoplasm. As maturity is approached growth becomes slower and the 
processes of assimilation become less active. It may therefore be expected 
that the need for phosphorus would gradually become less. The potash 
content of the juice and of the ash increased during the process of ripening, 
and the relatively large proportion of potash in the mineral constituents of 
the juice indicate clearly the importance of this factor in the development 
of the fruit. The results indicate that the growth of the fruit is dependent 
upon a continual supply of potash. It would appear that potash is closely 
connected with the formation of carbohydrates in the plant, and it is 
believed that this factor is also associated with the transference of the 
carbohydrates. In this way the increasing content of potash in the juice 
of the oranges would be explained. It is somewhat significant that the 
potash content of the juice of the sprayed oranges should be greater than 
that of the unsprayed oranges, particularly in view of the fact that the 
proportion of sugar in the total solids was also higher in this case. There 
can be no doubt that the lead-arsenate spray exerts an internal physiological 
action on the trees, and the effects are seen in the variations caused in the 
composition of the fruits. The calcium content of the juice decreased 
during the period of ripening, while there was no significant rate of change 
in the content of magnesia in the juice. In the case of the latter factor 
there was initially a slight decrease to a minimum value, after which the 
magnesia content tended to increase. The lime appears to resemble the 
phosphoric oxide in the fact that it must be stored in the early stages of 
development of the fruit, and it has been suggested that one function of 
calcium compounds is in strengthening the cell-walls. Magnesium com- 
pounds accumulate in fruits, and appear to be associated with the formation 
of proteins in the protoplasm. The fact that the lime content of the juice 
of the fruits decreased during the period of ripening is in accordance with 
the idea that the lime is related to the growth of the cell-walls. The iron 
content of the juice as reported was probably somewhat high, but the results 
are comparable, and there was a decrease in this factor during the process 
of ripening. 

The presence of iron in a plant is essential for the production of the green 
colour, but there is no evidence that iron has any direct effect upon the 
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colour of the fruit, and its presence in the mature fruit may probably be due 
to its presence in the sap of the trees. 

Brown (9) has shown that there is a very definite relationship between 
the type of soil and the mineral analysis of apples. It is interesting to note 
that the phosphate-nitrogen ratios in the case of both sprayed and unsprayed 
oranges are similar and show no significant difference, the mean values being 
0-352 and 0-351 respectively. The value of the ratio decreased in both 
series during the process of ripening. On the other hand, the potash- 
nitrogen ratio was slightly higher in the case of the sprayed oranges, the 
mean values for the two series being 1-83 and 1-67 respectively. The value 
of this ratio remained more or less constant during the period of ripening. 

During the present investigation it has been shown that during the 
period of ripening the weight of the orange increased, and this change was 
accompanied by an increase in the weight of pulp, in the amount of soluble 
solids and sugars in the juice, and in the amounts of these constituents per 
fruit. During this period the proportion of cell-wall material in the pulp 
and of the acid in the juice decreased. As maturity is reached the former 
factors tended to reach a maximum value and the latter factors a minimum 
value. It was found that, during the final stages of growth, the effects of 
transpiration became dominant, with the result that the fruit lost weight 
owing to loss of water. At the same time there was corresponding increase 
in the concentration of soluble solids in the juice. There was no significant 
increase in the nitrogen content of the juice nor in the ash content of the 
juice during the period of ripening. The most significant effects caused 
by spraying with lead-arsenate mixtures were apparent in the case of the 
acid content of the juice and in the cell-wall material of the pulp. The 
acidity of the sprayed oranges was less than in the unsprayed oranges, while 
there was a greater content of cell-wall material in the sprayed oranges. At 
the same time there was a slightly higher content of sugars in the juice of 
the sprayed oranges, and this appears to be due to the fact that the amount 
of cane sugar was increased. The rates of change of the various factors 
were not affected by the spraying, and it was concluded that the arsenate 
spray exerts an internal physiological action, with the result that there is 
a selective oxidation of the respiratory materials in the fruit. As a conse- 
quence of this action the acid in the sprayed oranges forms a more important 
source of respiratory material than the cell-wall material. The action is an 
internal one, and must be caused by the absorption of arsenical compounds 
through the leaves of the trees. Since it must be manifestly impossible to 
prevent such absorption, it would appear that the solution of the problem 
depends upon the use of sprays other than arsenical. 

In conclusion the author would like to thank Dr. B. de C. Marchand for 
the interest taken in this work and in the preparation of this paper. Thanks 
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are due to Mr. D. G. Wessels, M.Sc., and Mr. E. C. Manken for their assistance 
in carrying out the analytical work. The author is very deeply indebted 
to Dr. T. J. Naude, Chief Entomologist, and to Mr. D. Gunn, of the Entomo- 
logical Section of the Division of Plant Industry, for their great kindness 
in arranging for and supplying the necessary samples required for this 
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THE CAPE ALDER-FLIES. 
(NEUROPTERA, MEGALOPTERA.) 


By K. H. Barnarp, D.Sc., F.L.S. 
(With twelve Text-figures.) 


This paper forms the third report on the Fauna of the mountains of the 
Cape Province, for the investigation of which I have received research 
grants from the Royal Society of South Africa and the Research Grant 
Board.* My thanks and acknowledgments are herewith tendered to these 
two bodies. 

There are less than half a dozen species of Alder-flies known from South 
Africa, and although they are all large or moderately large insects they 
would certainly be better known but for their mountain habitats. They 
all come from the 8.W. Cape mountains, none having yet been found in 
Natal or the northern parts of South Africa; in fact, no Alder-flies are known 
from any other part of the whole of Africa. Knysna is the most easterly 
recorded locality, but there is no reason apparently why representatives 
should not be found on the Natal side of the Drakensbergen. It is hoped 
that this account will stimulate and facilitate a search for these interesting 
insects. 

The Megaloptera comprise the aquatic Sialids or Alder-flies and the 
terrestrial Raphidiids or Snake-flies. The whole order is archaic, but the 
Sialids are the more archaic of the two groups. It is therefore not without 
interest to find representatives in the Cape mountains, and it is not sur- 
prising that the four genera known are all endemic. Like the Australasian 
genera they exhibit a certain primitiveness, but there is not enough evidence 
to warrant drawing any conclusions as to the past history or region of 
origin of the group. The resemblance of the wing-venation of the Australian 
Sialids to that of the oldest Trichoptera led Tillyard (7, p. 824) to make the 
interesting suggestion that this might indicate a close phyletic relationship 
(see also Weele, 8, pp. 7, 8). 

In Europe the true Alder-fly or Hump-back (Sialis lutaria) is well 
known to anglers, but in the Cape these flies do not occur along the lower 

* Previous reports are: (1) ‘ A Study of the Freshwater Crustacea,” Trans. Roy. Soc. 
8S. Afr., xiv, 1927. (2) “* A Study of the Genus Colophon,” ibid., xviii, 1929. 
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reaches of the rivers and thus do not come within the angler’s purview. 
The aquatic larva of the Corydalids, known as the “Toe-biter,” “‘Toe- 
scorpion,” or “Black Creeper,”’ is a favourite bait for trout in New Zealand 
(Tillyard, 7, p. 820, and Phillips, 6, p. 13), but is unknown to Cape anglers 
for the similar reason that it only occurs in the upper reaches of the mountain 
streams. It probably, however, forms part of the food of those trout which 
ascend far up the streams. 

In the course of investigating the mountain fauna, it has been found that 
these insects are not really rare at a particular season. As in other parts 
of the world the flies are never on the wing for a long period. But there 
must be successive emergings throughout the summer as my records extend 
from October to the beginning of February. For example, in the Welling- 
ton mountains 7’. ochraceopennis occurs from November to February. 
By a curious chance, in the locality nearest to Cape Town, and the one 
most frequently searched, viz. Table Mt., I have only this year succeeded 
in finding the adult fly (February 1930). 

Of the aquatic stages, the larvae and pupae of two species have been 
discovered. The eggs also have been found. All the stages correspond 
with those of other Corydalids, but certain details are here noted and 
figures are given. 


Famity CORYDALIDAE. 


van der Weele, 8, p. 7 (Subfam. CoryDALINAE). 


Moderate or large sized. Three ocelli. Fourth tarsal joint not bilobed. 
Wings laid flat over, or more or less wrapped round, the body when at rest. 
Larva with 8 pairs of lateral abdominal processes, and 2 hooked claspers on 
the anal segment; tracheal gills present or absent. 

The Corydalidae, known as Dobson-flies in America and Australia, are 
less specialised than the Sialidae (Weele, 8, p. 74). Comstock (Wings of 
Insects, 1918, p. 168), however, regards the Sialidae as possessing a more 
primitive type of wing-venation as regards the branching of the radial 
sector vein. And if Hora’s conclusions (Trans. Roy. Soc. Lond., B, vol. 
218, p. 267 sqq., 1930) that the torrential fauna is a derivative of the low- 
land fauna be accepted, it seems that the abdominal hooks in the larva 
and the more specialised branching of RS in the wings of the adult would 
indicate that the Corydalidae are a more specialised group than the Salidae. 

Two divisions are recognised: the Newromini with a more or less 
developed tooth on the side of the head, more than (usually) 3 cross-veins 
between R and RS, 3 with a pair of lower appendages as well as a pair of 
upper appendages ; and the Chauliodini without tooth on head, never more 
than 3 cross-veins between R and RS, 3 with a pair of upper appendages only. 
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Of the South African genera, Chloroniella was placed in the Newromini 
by its author; Platychauloides and Taeniochauloides belong to the 
Chauliodini. 

The eggs of Corydalus and Chauloides are known (Davis, 1). They are 
cylindrical and have a knobbed projection at the micropylar end. They 
are laid in masses on leaves, branches, or rocks overhanging the water. 

The larva is evidently adapted to fast-running streams in possessing 
two hooked claspers at the end of the abdomen. 


Gen. CHLORONIELLA Esb.-Pet. 
Esben-Petersen, 3, p. 151. 


Head oblong, with a small tooth-like dilatation on the sides behind the 
prominent eyes. Labrum sub-semicircular, § as long as broad. Antennae 
serrate in ¢. Three cross-veins between R and RS. M1-+2 forked, 
M3+4 simple. Most of the cross-veins in dise of forewing thickened, but 
no dark dots between RS and M. Genital appendages in 3: a pair of upper 
appendages, each with a lateral tubercle and an incurved hook on ventral 
surface; genital valve broad. 

Larva with 7 pairs of abdominal tracheal gills. 

This genus was placed in the group of Newromini by Esben-Petersen on 
account of the tooth on the side of the head and the presence of lower 
appendages as well as upper appendages in the ¢ genitalia. 

It is true that the appendages bear some resemblance to those of Proto- 
hermes, as Esben-Petersen says (cf. P. davidi, Weele, 8, p. 39, fig. 31). But 
in Chloroniella the claw-like processes which Esben-Petersen called the 
lower appendages have no separate points of attachment to the tergite ; 
they arise directly from the under surface of the upper appendages, have 
no separate power of movement, and are in fact integral parts of the upper 
appendages. 

On the other hand, as shown below, the larva possesses external tracheal 
gills as well as setose lateral abdominal processes, and thus resembles the 
larva of Corydalus, the only Neuromine whose larva apparently is known. 

The shape of the labrum is incorporated in the generic diagnosis, as it 
serves to distinguish not only the adults but also the larvae and pupae 
from those of allied genera. / 


Chloroniella peringueyt Esb.-Pet. 
Esben-Petersen, 3, p. 152, figs. 1, 2. 


Head and thorax pale yellowish brown with a black dorso-lateral stripe. 
Wings hyaline, venation brown, the enlarged cross-veins and the junction 
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of R and RS in forewing blackish. Cross-veins between C and SC 26 in 
forewing, 22 in hindwing. R2 twice forked. Genital tergite biconvex. 
Upper appendages in 3 obtusely conical, convex dorsally, slightly concave 
ventrally, with a strongly chitinised incurved hook on ventral surface ; inner 
margin with a patch of minute blackish spinules as well as the longer bristles. 


Fic. 1.—Chloroniella peringueyi Esb.-Pet. Fore- and hind-wings. 


Genital valve with a process at each distal corner, margin convex, with 
median incision. Length of forewing 33 mm., of hindwing 30 mm. 

Stellenbosch, November 1920 (C. K. Brain), 3. 

Witte River, Wellington Mts., 3000 feet, November 1922 (R. F. 
Lawrence), 9. 

Though not quite as large as some 92 of T. ochraceopennis in wing 
expanse, this is the most stoutly built of the Cape Alder-flies. Only two 
specimens have come to hand, though the insect is probably not rare if 
searched for at just the right season. 

Esben-Petersen stated that only the g¢ was known, but the Wellington 
specimen was a &. 

The larva resembles that of Corydalus in general. It grows to a length 
of 40 mm. Head and thorax both oblong, longer than wide, the head 
slightly narrowed behind. The labrum is ovate, longer than broad. The 
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Fic. 2.—Chloroniella peringueyi Esb.-Pet. a, b, c, labrum of larva, pupa, and adult; 
d, labium of larva; e, f, dorsal and ventral views of genital appendages of g. (Inf 
the articulation of the upper appendages is indicated by a dotted line.) 


Fia. 3.—Chloroniella peringueyi Esb.-Pet. Larva, ventral view. 


Fic. 4.—Chloroniella peringueyi Esb.-Pet. Internal view of main lateral abdominal 
tracheae in larva, with one spiracle and one bunch of tracheal gills. 
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labium is slightly convex in front with only a very shallow median incision. 
Mesothoracic, metathoracic, and 8 abdominal spiracles are present. They 
are all connected with lateral longitudinal tracheae, except the metathoracic 
one, which is very small. They have circular rosette-like openings (ef. 
Tillyard, Australian Insects, 1926, p. 32, fig. Al4), but the openings are 
plugged and closed. The abdominal spiracles are situated just above and 
in front of the bases of the lateral processes. 

There are seven pairs of tracheal gills ventral to the lateral processes, 
but none on the 8th segment. They arise in three main bunches from the 
crown of a short papilla. 

The lateral processes are quite unjointed, though somewhat wrinkled 
basally, and densely furred. No tracheal branches enter them, and they 
would appear to be natatory in function. 


Fic. 5.—Chloroniella peringueyi Esb.-Pet. Lateral view of pupa. 


These larvae have been found in the Dwaars River, Groot Drakenstein 
(A. C. Harrison, March 1930), and Keeromsberg, Hex River District. 

The pupa is also of the typical form. Below each of the abdominal 
spiracles is a short conical process projecting laterally and bearing a tuft of 
bristles; this is the remnant of the lateral process of the larva. 

This pupa was collected in the Wellington Mts., November 1922, and 
is almost ready to disclose the adult. Its length is about 40 mm. The 
labrum is subtriangular, about as broad as long, and the ¢ appendages 
with the chitinised hook-like process characteristic of C. peringueyi can be 
seen through the pupal skin. There can be no doubt therefore about the 
identification. 


Gen. PLATYCHAULIODES Esb.-Pet. 


Esben-Petersen, 3, p. 155. 


Head elongate. Labrum transversely oval, very short, nearly thrice 
as broad aslong. Ocelli rather small and placed rather far apart, especially 
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the 2 hind ones. Antennae serrate in 3. Costal area in forewing rather 
broad. R2 may be once or twice forked. M1-+2 and M3+4 simple. 
2A in forewing connected with 1A by a cross-vein. Three dark dots in 
forewing, two in hindwing, between RS and M. Upper genital appendages 
in $ triangular, with well-developed boss on outer margin. Genital valve 
with upstanding processes. 

This genus was instituted for the specimens from Paarl which Esben- 
Petersen ascribed to pusillus MacLach. The discovery that there are two 
Cape species indistinguishable except by examination of the 3 genitalia, 
and the inaccessibility of the MacLachlan collection to students, makes it 
impossible to assign either of these two species to pusillus. They are there- 
fore both described as new; but the references to the two earlier-described 
specimens are given. 

The genotype is capensis, n. sp. 


Chauliodes pusillus MacLach. 


MacLachlan, J. Linn. Soc. Lond., ix, p. 231, 1867; and Ann. Mag. 
Nat. Hist., ser. 4, vol. iv, 1869. 

Weele, 8, p. 48, pl. iv, fig. 36. 

The type specimen is from an unknown locality. It is preserved in the 
MacLachlan collection, which is inaccessible to all students. MacLachlan’s 
description of the genitalia is curious, and its accuracy is doubted by van der 
Weele. If the inferior appendages really are present the species belongs 
to the Neuromini. It is better to ignore the form altogether until it has 
been placed on a firm footing by examination of the genitalia. 


Platychauliodes tenuis (MacLach.). 


MacLachlan, Ann. Mag. Nat. Hist., ser. 4, vol. iv, p. 38, 1869. 

Weele, 8, p. 48, pl. 3, fig. 28. 

Kimmins, 5, p. 665. 

van der Weele was inclined to regard this species as identical with 

pusillus. The type is from Knysna and is in the British Museum. Kim- 
mins has recently assigned it to the genus Platychauliodes on account of the 
broad costal area. But as it is a Q it cannot be assigned to either of the 
following species. 


Platychauliodes capensis n. sp. 
Esben-Petersen, 3, p. 156, figs. 5, 6 (pusillus, ? non MacLach.). 


Pale brown. Wings hyaline, venation pale brown, with faint spots 
and thickening along the veins. Cross-veins between C and SC 21-22 in 
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forewing, 19-21 in hindwing. Upper appendages in 3 shorter than the last, 
strongly chitinised, tergite, the distal portion beyond the lateral boss rather 


Fic. 6.—Platychauliodes capensis n. sp. Fore- and hind-wings. 


Fia. 7.—Platychauliodes capensis n.sp., g. a, labrum of adult ; 6, dorsal (inner) view of 
genital plate; c, dorsal view of upper appendages; d, ventral view of one of the 
upper appendages; ¢, lateral view of genital appendages. 


narrow. Genital valve longer than broad, lateral margins raised, apex 
truncate with 2 strongly raised curved ridges. Length of forewing 18-19 
mm., of hindwing 17 mm. 
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Paarl, October 1919 (Rev. G. Hawke *), 3 3d. 
Keeromsberg, Worcester District, 3000 feet, January 1930, 1 3.f 


Platychauliodes woodi n. sp. 


A rather darker insect than capensis, with the wings more heavily 
speckled along the veins. Upper appendages in ¢ at least as long as the 
last tergite, the distal portion narrowing more strongly than in capensis, 
with an oval patch of forwardly directed spines on the inner surface near 


Fia. 8.—Platychauliodes woodi n. sp., 3. a, dorsal view of upper appendages ; b, ventral 
(inner) view of one of upper appendages; c, dorsal (inner) view of genital plate ; 
d, lateral view of genital appendages. 


the base. Genital valve broader than long, lateral margins raised, apex 
truncate, with 4 upstanding cowl- or spoon-shaped processes, the two 
median ones close together but separated by a narrow cleft. Length of 
forewing 20-21 mm., of hindwing 18 mm. 

Oudebosch, River Zonder End Mts., 1500 feet, January 1919, 1 3. 

Cedarbergen, 3500 feet, January 1930, 1 3. 

Named after my mountaineering companion Mr. H. G. Wood. . 

The two species capensis and woodi are easily distinguished by the 
genital appendages in the 3, though there is no difference in the wing- 
venation. It will be noticed in lateral view that the length of the genital 

* The Rev. G. Hawke was rector at Groot Drakenstein, and it is probable that these 
specimens were found near. the mountains at that locality, and not actually at Paarl. 


+ Except where otherwise stated, all the specimens mentioned in this paper have been 
collected by the author. 
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valve is dependent on the shape of the last tergite ; and the appendages of 
capensis are capable of a much wider gape than those of woodi. 


Platychauliodes sp. 9. 


Only one 2 of this genus has been collected, and as no g was taken at 
the same time it cannot be assigned to either of the above species. The 


Fic. 9.—Platychauliodes sp. 2. Fore- and hind-wings. 


wings are figured here as they show accessory branching of RS. Length 
of forewing 34 mm., of hindwing 29 mm. 
Matroosberg, Hex River Mts., 5000 feet, January 1917, 1 ovig. 9. 


Gen. TAENIOCHAULIODES Esb.-Pet. 


Esben-Petersen, 3, pp. 153 and 157 (Leptochauliodes). 
Kimmins, 5, p. 663 (Leptochauliodes). 

Head elongate, narrowed behind. Labrum transversely oval, about 
twice as broad as long. Ocelli close together, almost contiguous. An- 
tennae feebly serrate in 3. Costal area in forewing narrow. R2 and R3 
may be forked, occasionally also R4 and R5. M1+2 and M3+4 simple. 
2A forked, and its first branch coalesced with 1A for a short distance. 
Three dark dots in forewing, two in hindwing, between RS and M. Upper 
genital appendages in ¢ short, obtuse, incurved, without boss on outer 
margin. Genital valve short and broad, without processes. 


AY 
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Larva without tracheal gills. 

As shown below, Leptochauliodes tenuis Esb.-Pet. (=esben-peterseni 
Kimmins) is the same species as Taeniochauliodes ochraceopennis Esb.-Pet., 
and the genus Leptochauliodes therefore falls into synonymy. 


Taeniochauliodes ochraceopennis Esb.-Pet. 


Esben-Petersen, 3, p. 154, figs. 3, 4. 
i 3, p. 157, fig. 7 (L. tenuis, non MacLach.). 
Kimmins, 5, p. 663, figs. 1, 2 (L. esben-peterseni). 

Brown. Wings hyaline or more or less suffused with grey or brown. 
Venation brown, most of the veins more or less conspicuously dotted with 
darker brown or grey, producing a beaded appearance, chiefly in forewing 
and subcostal region in hindwing. A grey patch on hind side of 2A at its 
junction with 1A. Cross-veins between C and SC in forewings 20-26, in 
hindwing 17-24. Upper appendages in ¢ short, stout, the obtuse, incurved 
apices with a patch of short, black, spine-like bristles. Length of forewing 
in $: 22-32 mm., of hindwing 20-29 mm. ; in 9 25-36 mm. and 23-32 mm. 
respectively. 

Hottentots Holland Mts., 4000 feet, January 1916, gg and 99. 

Matroosberg, Hex River Mts., 5000 feet, January 1917, 1 3. 

Witte River, Wellington Mts., 2500 feet, January 1920, 1 9, and Novem- 
ber 1922, 2 99. 

Bains Kloof, Wellington Mts., 2000 feet, February 1925, 2 gg, 1 ovig. 9. 

Gt. Winterhoek, Witzenberg Range, 4000 feet, December 1923, 1 3. 

Oudebosch, River Zonder End Mts., 1500 feet, January 1919, 4 33,19; 
and November 1928, 1 g, 1 9. ; 

Keeromsberg, Hex River District, 3000 feet, January 1930, 3 3d. 

Cedarbergen, 5500 feet, January 1930, 1 3. 

Table Mt., Cape Town, 3000 feet, February 1930, 1 3. 

The type specimen of ochraceopennis (from Oudebosch) is an asym- 
metrical aberration. It is the only specimen I have seen which has M3-+-4 
(M2 in Esben-Petersen’s notation) forked in forewing. Several other speci- 
mens were taken at the same time and place, in all of which M3+-4 is normal. 

But there is a certain amount of variation in the branches of RS, and 
the formation of extra branching causes a broadening of the distal half of 
the wing. 

Any one of the branches of RS (R2—R5) may be forked near the margin ; 
most frequently R2 and R3 are those which are forked. The forking may 
be asymmetrical on the right and left sides. In one specimen R4 is dupli- 
cated from its origin in the right forewing ; in the right and left hindwing 
this accessory vein arises direct from RS, proximal to the 2nd cross-vein 
VOL. XIX, PART II. 13 
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between R and RS; in the left forewing it arises distal to the 2nd cross-vein. 
(For variation in the branches of RS, ef. Comstock, The Wings of Insects, 
1918, p. 154 sqq.) In Tillyard’s notation (see Insects of Australia and 
New Zealand, 1926, p. 308, fig. U1) the proximal branch of RS is regarded 
as R4+5, and the numbers of the branches just given would have to be 
changed in conformity. 

It will thus be seen that there is no essential difference between the 
venation of the type of ochraceopennis and the form figured by Esben- 
Petersen (1924) under the name tenuis and renamed esben-petersent by 
Kimmins (1930). 

It was very unfortunate that the single Oudebosch specimen sent to 
Esben-Petersen was an aberration, and that no perfect 3 of the “tenuis” 
form was sent to him; otherwise he would not have failed to recognise the 
specific identity of the two forms from an examination of the genitalia. 

The form with relatively narrower wings and all the branches of RS 
simple is the commoner and more normal form. 

The egg-masses were found (Keeromsberg) at beginning of January on 
rocks overhanging the stream. They are about 10-20 mm. in diameter, 
of no definite shape, but usually oblong or oval. There is no whitish pro- 
tective secretion covering them (ef. Chauliodes, Davis, 1). 

The eggs are brown in colour and of the typical shape, 1-5-2 mm. in 
length, with a knob-shaped micropylar projection. 

The larva resembles that of Chloroniella, but is at once distinguished by 
the absence of tracheal gills and other features. It rarely exceeds 30 mm. 
in length. 

Head and prothorax both about as broad as long, the head subcircular 
in dorsal view. The labrum is transverse. The labium is deeply incised 
in the middle, forming two prominent rounded lobes. The metathoracic 
spiracle appears to be absent, but all the others are connected with the 
lateral tracheae, of which there are two trunks on each side, as in Chloroniella. 

The lateral processes are much less densely furred than in Chloroniella ; 
in fact the whole body,'except the legs, is less bristly and hairy. 

Larvae have been found in all the localities enumerated above from 
which adults have been obtained, and in addition at Michell’s Pass (Ceres) 
and Du Toit’s Kloof (Huguenot). 

The pupa does not differ from that of Chloroniella except in the shape of 
the labrum, which is broader than long. Pupae have been found at Matroos- 
berg, Hex River Mts., January 1917, and Wellington Mts., January 1922. 
Their length is 23-25 mm. 

Correlation of the pupa and adult was effected by finding an adult just 
emerged and sitting alongside its empty pupa-case in the Cedarbergen, 
January 1930. 
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Fia. 10.—Taeniochauliodes ochraceopennis Esb.-Pet. Fore- and hind-wings. 


Fia. 11.—Taeniochauliodes ochraceopennis Esb.-Pet. a, b, c, labrum of larva, pupa, and 
adult ; d, egg; e, labium of larva; f, ventral view of genital appendages of ¢. 
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This is the commonest and most widely spread Alder-fly in the Cape. 
The following remarks on its habits will apply also to the species of Chloro- 
niella and Platychauliodes. 

The insects are essentially inhabitants of swift-flowing mountain streams 
with rocky beds and waterfalls. The flies settle on bushes overhanging 
the water or on the rocks in the stream; in the latter situation usually on 
the shady or overhanging side, often actually within reach of the spray 
from falling water. When at rest the wings are not arched over the back 
as in Sialis, but laid flat and more or less wrapped around the abdomen. 
This is especially noticeable when the insect is settled on a twig, the wings 
being partly wrapped round the twig as well as the body. 

When disturbed, especially on a hot sunny day, they fly rapidly and 
erratically, but the flight is not sustained and they soon settle again. 
Normally they are crepuscular, and will approach the light of a camp- 
fire if situated near the stream. 

The pupae are found in the clumps of Sphagnum and other aquatic 
moss growing alongside of or in the stream or waterfall. The moss must 
be soaking wet either from flowing water or spray. Upon emergence of 
the fly the pupa thrusts the front half of its body out of the moss, the 
abdomen being left within the moss. 

The larvae are found amongst the submerged clumps of moss or Scirpus, 
or under stones in the stream. When disturbed they curl up, but if caught 
by the current soon uncurl, anchor themselves by the abdominal hooks, 
and promptly conceal themselves under some other stone. If handled 
they attempt to bite fiercely. 


Famity SIALIDAE. 


van der Weele, 8, p. 74 (Subfam. SiaLtprNak). 
Tillyard, 7, p. 819. 
Esben-Petersen, 2, p. 502. 

Moderate sized. No ocelli. Fourth tarsal joint bilobed. Wings 
folded roof-like over the body when at rest, at least in the typical genus 
Sialis. Larva with 7 pairs of gills and a caudal filament. 

The life-history of Szalis is known. The eggs are brown, elongate, laid 
close together in palisade-like masses on the stalks and leaves of plants 
overhanging the water. Each egg has at the free end a small point or cap 
which is pushed off by the larva on hatching. The larva is elongate, with 
strong mandibles for preying on other aquatic insects. Each of the first 
seven abdominal segments has a pair of lateral, jointed, setose gills. The 
terminal segment is prolonged into a long setose caudal filament. Pupation 
occurs in damp soil near the water, and the pupal stage lasts only a few days. 
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The larva is not specially adapted to fast-running water, but lives in 
stagnant or slowly moving water. 


Gen. LreprostALis Esb.-Pet. 
Esben-Petersen, 2, p. 502. 


Antennae pilose. Head sculptured. Labrum much broader than 
long. Wings rather long and narrow. Costal area in forewing broadened 
basally. Costal area with the Ist cross-vein vertical, the others oblique. 
Subcostal area without cross-veins. Radial area with 4 cross-veins in 
forewing, 3 in hindwing. R2-+3 forked, R4+5 simple, in both wings. 
M fused with Cul in forewing and forked one-third from base; in hindwing 
distinct from Cul, forked at two-thirds from base. M1+2 and M3+4 
simple in both wings. Margin of both wings pilose, and whole membrane 
minutely hirsute. 


Fic. 12.—Leptosialis africana Esb.-Pet. Fore- and hind-wings. (Hirsute covering of 
wing membrane indicated only at apex.) 

This genus, like the Australian genus Stenosialis (Tillyard, 7), is closely 
related to Protosialis Weele, which occurs from North America to Chile. 
But the neuration is simpler than in either of these other two genera, in 
that R4-+5 is simple in both wings, and both M1+2 and M3-+4 are also 
simple in both wings. SC and R1 are not separate. 
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Leptosialis africana Esb.-Pet. 
Esben-Petersen, 2, p. 502, fig. 5. 


Head, thorax, and abdomen dark brown. The tubercles and longitudinal 
striae on head black. Wings suffused, venation darker. Length of fore- 
wing 11 mm., of hindwing 10 mm. 

Gt. Winterhoek Mt., Tulbagh District, 4300 feet, November 1916. 

Oudebosch Forest, River Zonder End Mts., 1500 feet, December 1919. 

This must be a very scarce insect as I have only taken two specimens ; 
both were caught after being disturbed, so that I am not able to say whether 
the wings are held in the same resting position as in Sialis. Nor have I 
found any aquatic larva resembling the typical Sialid larva, which might 
be the larva of this species. 
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DISCOVERIES IN A BUSHMAN CAVE AT TAFELBERG HALL. 
By Jonny Hewitt. 
(With Plates XI- XVI, and one Text-figure.) 


On the farm Tafelberg Hall, in the Middelburg district of the Cape 
Province, is a well-known “ Bushman” cave. It is situated nearly half-way 
up the slopes of a kopje, and overlooks an extensive plain, now a valuable 
sheep-farm, and in former days no doubt a populous game country. It is a 
large rock-shelter, with fresh water less than a mile away ; altogether, one 
would think, a very desirable home for hunting folk. Within the shelter 
are many rock-paintings, some in good state of preservation; and on the 
steep slopes of the kopje immediately below are still many stone implements 
left by former occupants of the site. By kind permission of the owner of 
the estate, Mr. J. van Ryneveld, I have been privileged to excavate in the 
cave; and all the artefacts obtained, together with a painted slab, were 
presented by Mr. van Ryneveld to the Albany Museum. 


IMPLEMENTS. 


With the assistance of Messrs. J. van Ryneveld and J. T. Ayliff, several 
trial pits were dug in the floor of the cave. Layer by layer the earth was 
carefully removed and sifted, and the artefacts therefrom were kept 
separately. Rock bottom was reached at a depth of 2 feet, the culture 
layer being nowhere more than 1 foot deep; the surface layers about 
1 foot thick, consisting mostly of broken shale, of droppings from the roof, 
where year by year many swallows and swifts build their nests, of earth 
washed in during floods, and of debris introduced by violent winds. The 
exposed rock surfaces are not very permanent and in places they break up 
extensively. 

Judging by the small quantity of artefacts and ash found in the 
culture layer, the cave does not seem to have been much occupied by man, 
unless the later occupants have deliberately thrown out the refuse of 
their predecessors, as seems to have happened in Basutoland and the 
Transkei. 

This layer actually contains no white ash, being composed largely of 


4 
i 
‘ 
Ry 
ith 
= 
7 


186 Transactions of the Royal Society of South Africa. 


dark earth and shale debris. No stratigraphical evidence of a sequence 
of industries was found either in the cave floor or in the deposits immedi- 
ately below; yet on the flats about a mile away I picked up implements 
more deeply weathered, including an undoubted burin, which clearly 
belong to an earlier industry than that found in and near the cave. 

The stone artefacts recovered from the cave are merely a few flakes, 
not very distinctive. They might belong to any portion of the Smithfield 
group of industries. 

The implements from immediately below the cave are as follows :— 

End-scrapers.—Five rather thin and flat examples, much like those of 
Smithfield type. These have well-trimmed scraper-edges and are some- 
what asymmetrical. The largest one (No. 6), measuring 50x 297-5 mm., 
broadest at the apex and tapering towards the base, is very carefully edge- 
trimmed on the right side from apex to base as well as along the apical edge. 
Another, thinner (No. 2), measuring 31x 264 mm., is also finely edge- 
trimmed in front and along the right side. The others are only apically 
trimmed. 

Two rather stouter, fairly symmetrical end-scrapers with a single keel. 
One measuring 5825 10-5 mm. (No. 17) has a patch of the original 
crust on the right side. The other, measuring 46 x 32x12 mm. (No. 7), is 
a very well-finished specimen. 

Two end-scrapers with hollows in the side edges, apparently due to use : 
one (No. 8) is hollowed from below on the left side near the apex, and is 
trimmed along the right edge; the other (No. 4) is broadly hollowed on 
the right side. These hollows show no trimming, however. 

A very narrow single-ridged end-scraper made from a corner flake 
(No. 18), measuring 56119 mm. The original crust remains on the 
left side. Another, with original crust on the left side, is much thinner 
and tapers to a very narrow base—measures 41 x 187 mm. (No. 1). 

Two asymmetrical end-scrapers made from rather rough flakes; they 
are broader at the base than along the scraper-edge. 

Two end-scrapers made from small slabs—the thicker one measures 
35 x 14x11 mm. 

Stout end-scraper made from corner flake of a thick slab; original 
crust covers the whole of the upper surface. Measures 55x 24x18 mm. 
and is thickest at the base. 

Stout end-scraper, somewhat stepped at the base (No. 11), resolved along 
the right edge by use—40 x 21 x 11 mm. 

Small scrapers, irregularly oval or rectangular.—One flattish example 
(No. 14), thickest at the base, is trimmed along the front edge, which is 
27 mm. broad, and also along the left edge—length 24 mm., thickness 
7-5 mm. 
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Another, rectangular (No. 13), and with single keel, is more or less 
trimmed all round ; base rather steeply stepped—33 x 27 x 11-5 mm. 

Another thin flat specimen (No. 15) has either been broken or roughly 
used, the apical edge being steeply resolved and afterwards finely trimmed ; 
left edge also finely trimmed, and a little trimming also at the base, which is 
narrow—19 x 17-55 mm. 

Single side-scraper made from oblong slab-like external flake with a 
large area of original crust remaining ; it is trimmed along the left edge— 
56 x 369 mm. 

Double scraper, broken. A small slab with outline almost squarish ; 
broken edge untouched, the other three all trimmed—25 x 25 x 6-5 mm. 

Large scrapers, all stout and heavy.—One made from a slab-like external 
flake (No. 22), with crust remaining on upper surface and over half the 
circumference, is circular in outline: half the circumference has been 
carefully trimmed to a cutting edge, the angle being about 45 degrees, 
diameter 76 mm., thickness 30 mm. 

One thick subrectangular scraper narrowing towards the base; the 
front edge and that along right side has been obliquely bevelled and 
trimmed—60 x 49 x 20 mm. 

Another smaller and flatter one (No. 12) is similar thereto, but the front 
end is almost vertical and the edge much bruised. No working along the 
side edges—44X4015 mm. This specimen is considerably weathered, 
being apparently a reworked flake of some older industry. 

Two thick high-keeled scrapers with more or less rectangular base, 
thickest towards the front end, which is very steep and has a bruised edge, 
rounded or transverse. Right edge also bruised a little in larger specimen, 
measuring 69 x 4431 mm. (No. 23). 

Three similar specimens (No. 21 the smallest) on almost square base or 
slightly longer than broad or vice versa. These have two opposite ends 
very steeply bevelled and more or less badly bruised at the edges. Biggest 
measures 51 x 46 x 23-5 mm. 

Also, four examples of indefinite shape, all with steep working edges, 
one of them approaching a subpyramidal core in form, but not so elevated 
as the typical core. These and the six preceding specimens all belong to 
the trimming stone class. 

Also, a thick scraper with several hollows in the edge as a result of use. 

Lastly, two long thick and rough flakes which have been worked 
along one edge as side-scrapers or spoke-shaves. The larger measures 
875324 mm. The other is worked to a nose in front. 

Slender backed blade, more or less of “‘ gravette ” type (No. 19). A long, 
narrow flake, the left edge in the apical two-fifths being vertically blunted ; 
right edge for a short distance near the apex slightly blunted, apparently 
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by use as a knife—47-5 10-54 mm. Related perhaps to this is a small, 
elongate flake 33 mm. long (No. 20), steeply trimmed near the base on the 
left side, and with slight trimming or usage about the middle of its length ; 
point blunt. 

Cores.—Seven examples of irregular shapes were found; two of them 
have been used for making flakes smaller than any we actually found 
(No. 16). 

Points.—Only one flake can be even doubtfully identified as belonging 
to the arrow-lance-head category; it is small, 42-521 mm., and shows 
only the commencement of working near the point. However, definite 
points of this type do occur in the same industry, for I found two examples, 
here figured Nos. 9 and 10, on a site at the back of the homestead Tafelberg 
Hall, in surface earth or just below the surface in association with end- 
scrapers cf the cave type. The edge-trimming is only near the apex in 
both cases. 

Pottery (PI. XIII). 


From the culture layer of the cave small portions of at least three pots 
were excavated. These are of the type commonly attributed to the Bush- 
men of the Stormberg—black, with longitudinal rows of impressed markings ; 
the matrix containing a good deal of vegetable fibre, some of which was 
scarcely altered in the baking process and is now clearly visible on the inner 
surfaces of the sherds. The bits we found seem to have belonged to shallow, 
wide-mouthed bowls with flat base and vertical sides. There was no rim, 
the pattern extending practically to the margin. The nature of the patterns 
is well shown in the accompanying figures. One piece, the smallest, is 
quite thin, being scarcely 5 mm. thick at a point half an inch distant from 
the margin. Another rim piece, the largest, is also fairly thin, 6 mm., 
measured in the same way; and the third piece is 7 mm. The thickest 
piece obtained, a plain sherd, apparently belonging to the base of a pot, 
is 9-5 mm. thick. ‘ 

A further lot of potsherds was picked up on the surface of the cave 
and on the slopes immediately below it. This is essentially of similar 
type, but has a dull reddish tinge on both surfaces. The colour is seen to 
be quite superficial in cross-sections and is probably due to the application 
of pigment before firing ; it is brightest on the inner surface. There is no 
indication of polish on the surfaces of any specimen. 


Bone IMPLEMENTS. 
In the culture layer several bone arrow-heads and bodkins were found. 
Some are broken, but the material is in fairly good condition. They are 
as follows :— 
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Bodkin made from some long bone which has been pared down towards 
a point now broken. Some sharp and strong blade must have been em- 
ployed. The surfaces are not smoothed. Present length 68 mm., greatest 
thickness 8-5 mm. It was found under the fallen rock towards the middle 
of the cave and is therefore older than some of the paintings. Broken end 
of another bodkin, also pared down in the same way. Broken end of a 
third bodkin. 

Portions of at least four, possibly five arrow-heads. One is nearly 
perfect (Pl. XIII), a carefully prepared cylinder of bone with surfaces well 
smoothed down, including the circular basal end; towards the other end 
it has been rubbed flattish on two opposite sides, the cross-section being a 
broad, regular oval. At the apex it has been split longitudinally, for the 
reception of a tiny tip of iron or stone not present in the specimen. Near 
this apex the bone has also been incised along three oval lines, but the 
incisions are rather short and do not connect up well. These incised lines 
were presumably meant to facilitate binding by string or tendon, so as to 
secure more firmly the inserted arrow-tip. Length 44-5 mm., greatest 
breadth 5-5 mm. Similar arrow-heads were used by the historic Bushmen, 
but apparently the Tafelberg specimens are rather smaller than those used 
a few decades ago. 

The other pieces found agree with the above described specimen in 


thickness; one perfectly cylindrical fragment, 18 mm. long, is 6 mm. 
thick. 


BEADS. 


Only a single ostrich-shell bead was found in the culture layer. Greatest 
diameter 5 mm. It is a well-worn specimen, all the edges being smoothed. 


OTHER SPECIMENS. 


Two small scraps of thin sheet-iron were found, both in much rusted 
condition. One piece was picked up on the surface of the cave; the 
other was found in the bottom layer of the cave deposits. It seems just 
the kind of material desired for arrow-tips. 

Hematite : several nodules excavated from culture layer. 


OrGaAnic MATERIAL. 


In the culture layer of the cave were found: broken pieces of ostrich 
shell ; bony portions of tortoise-shell of some small species, also limb-bones 
of same; molar tooth of warthog, of a zebra, and of springbok ; parts of 
skull of a wild rat of genus Olomys ; and of a shrew, Crocidura sp. ; three 
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astragali of a small antelope, and cubo-navicular of same; terminal 
phalanges of two small antelopes; portion of lower jaw of a Hartebeeste, 
and lower jaw of dassie; lower jaw of a small mole (Cryptomys sp.) ; 
fragment of shell of freshwater mussel (Cafferia caffer). Plant materials 
taken were a number of small sections of a monocotyledonous root, about 
12 mm. in diameter; also some corm sheaths of a small iridaceous plant. 


PAINTINGS. 


The paintings at Tafelberg are numerous and varied, but mostly some- 
what crude and apparently without hunting scenes or large groups of any 
kind. However, one or two antelope figures are of quite superior technique, 
and fortunately a number of superpositions are clearly traceable ; so the 
art of this site merits careful study. All the paintings are within the reach 
of an ordinary-sized European man. 

At the entrance to the cave a visitor is confronted by a very unusual 
type of mural decoration (Pl. XV) in the form of innumerable spots of pig- 
ment arranged in wavy, horizontal rows. These are probably finger-marks. 
They cover an area about 6 feet wide and 30 inches high, and above they 
extend even over the horizontal ceiling. There are also several small 
circles and spirals (text-figure), and on the left of the series several vertical 
red stripes. Various pigments have been employed, ranging from pure 
white, dirty cream, blue, several shades of ochre, dark maroon to black. 
But all the spots of a single row are in the same colour. These rows show 
several superpositions from which it is clear that pure whites are the latest : 
they overlie the reds, and the reds overlie the black ;_ blue overlies a faded 
brick red, which again overlies dark maroon. On the right side of this 
area of spots and quite near to it is a painting in blue of a male human 
figure about 4 inches in height. It is ill drawn but not much distorted. 
Of the various pigments here employed the blue is noteworthy oa account 
of its rarity at ““ Bushman” sites. It is altogether unknown in the Albany 
district, and is probably absent from all the Wilton sites in the southern 
parts of the Cape Province. At Tafelberg this colour is sometimes fairly 
uniformly slaty blue, but more often is very patchy, for it actuaily consists 
of a mixture of black and white which weathers badly. When washed with 
water these blue paintings appear quite black, and the black is readily 
rubbed off when only gently dabbed with a wet cloth. 

Extensive patches of finger-prints in parallel rows occur at other parts 
of the shelter, but in places are not very clearly seen owing to surface 
depositions from water. The colour is mostly dark red. One little patch 
of spots includes black, dark brownish red, and brick red; here also the 
black dots are oldest. 
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In a central part of the cave a piece of rock about 4 feet square has 
fallen from the roof. On the fractured surface of the roof there are paintings, 
a series of three rows of pale brick-red spots, and an ill-drawn human figure 
in black, the former overlying the black. Beneath the above-mentioned 
fallen block we found ash, broken bones, and ostrich shell, also a broken 
bone bodkin. On the top of the same stone are several quite shallow 
depressions, where some grinding has taken place. 

On the wall near to this fallen rock there is also a patch of smaller 
white spots arranged more or less in concentric lines. The spots number 
about thirty to the square inch, the whole patch measuring about 12 inches 
by 8 or 9 inches; in shape it is suggestive of a large open pot, the white 
spots corresponding with the impressed marks thereon (Pl. XV). . 

A group of animal paintings near to the entrance of the shelter is repre- 
sented on Pl. XIV. These, in respect to colour, are of three types: blue, red, 
and white. The former are mostly very crude and stiff ; the several human 
figures are quite different in style and artistically inferior to the human 
types represented in the caves of the Albany district. The animal figures 
include one peculiar creature, about 4 inches long, which somewhat reminds 
one of a dachshund dog. Below it is what appears to be a fat-tailed sheep, 
now very patchy because of weathering. A very much better painting is 
an antelope, unfortunately damaged in front, situated about a foot away 
from the “ dachshund.” This has a length of about 84 inches, has well- 
formed outlines, and was very carefully coloured as follows: body mostly 
blue, also the fore limb of each pair, the hinder limb of each pair being pure 
white, as also is the lower half of the belly ; tail blue, remarkably long and 
slender (see text-fig.). 

The red figures are also poor in form, but the style of colouring is note- 
worthy. One representing a slender antelope is about 7 inches long and 
of very fresh appearance : head and body are wholly red, fore limb of each 
pair also red; hind limb of each pair pure white, and likewise also the ears 
and the lower outline of the belly. This seems to overlie an ill-preserved 
blue figure, perhaps human. On the other hand, there is in this group 
of paintings a patch of numerous pale brick-red spots, amongst which is 
included some blue pigment that unquestionably overlies the pale red 
spots; however, the red colour of these spots is easily distinguishable from 
that of the antelope. The other red figure, situated several feet away, seems 
to represent a long-tailed feline, perhaps a leopard. The head, body, and 
tail are bright red, hind limb of each pair white, also lower margin of throat, 
chest, and abdomen—total length about 6} inches. 

Lastly, the largest antelope in this assembly of pictures is in pure white ; 
a very poor drawing with thickish tail and weak hind legs. 

Farther in the cave are other series of paintings, the most noteworthy 
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being a crudely drawn horse and his rider, all in blue except the reins, 
which are red : it is preceded by a small walking human figure (Pls. XIV 
and XVI). Below are many figures, mostly in white (Pl. XVI); the largest 
of these may represent an Afrikander bull or possibly a buffalo. On each 
side of it are what appear to be skins stretched out in the process of drying. 

Another figure near thereto is a rhinoceros, in blue (Pl. XV). This is fairly 
well drawn, except in the hinder portion. Below is an ill-preserved figure 
of a man riding a very miserable horse. Near to these is a white stumpy 
figure, about 34 inches long, apparently representing a fat-tailed sheep ; 
also, two human figures, one entirely red, the other white, both with cunei- 
form bodies, but otherwise not excessively distorted. 

At the far end of the shelter are two animal figures of very fair technique, 
and rather larger than the majority at this site, measuring 10 inches and 
9 inches in total length. They are in black and not well preserved, for the 
pigment has flaked off considerably. One is identified very doubtfully as 
a domestic cow (text-figure). 

One of the best paintings I could find is unfortunately very much faded 
and in certain lights hardly visible. It is a well-drawn figure of a slender 
antelope (text-figure), coloured bright golden yellow; the head is white 
and likewise the hindmost leg. No other yellow of this kind was found 
at the site. It overlies a series of pale brick-red finger-prints ; which latter 
colour is represented in various parts of the shelter by formless patches, 
smudges, and bands. The yellow figure, therefore, appears to be one of the 
more recent works of art at this site. 

Some mention has already been made of the crudely drawn human 
figures. They are painted in four different colours—red, pure white, blue, 
and black; but the style does not vary much and, with just a possible 
exception in the black figure, they are probably all referable to one period. 
Some of these figures are not much distorted either in body or limb; others 
have rather long bodies, and several are cuneiform, but there are no elongated 
legs and no trace of arachniform human figures. There are no fast-running 
figures such as commonly occur at Bushman caves. 

Painted Slab.—From the floor of the cave a painted slab was excavated. 
It was found inverted but not over human skeletons. The paintings un- 
fortunately are ill-preserved and not easily interpreted: there is a series 
of about six ill-drawn human figures in black (text-figure), standing hand 
in hand with arms bent. There is faint indication of clothing about the 
hips; no gross distortions ; height of individual about 7} inches. 
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CoNCLUSIONS. 


This work was commenced in the hope of obtaining some data bear- 
ing on the age of the rock-paintings, on the time sequence if any, and 
possibly on the relationship of paintings to the several industries of the 
site. 

The colour sequence is as follows: oldest black, then dark maroon or 
dark brownish red ; then pale brick red; then slaty blue, bright brick red, 
golden yellow, and pure white, the white in some cases contemporary with 
blue, bright brick red, and yellow; in other cases perhaps even more 
recent. The main facts of this sequence receive support from several 
parts of the site independently. In passing it may be noted that accord- 
ing to Mr. M. C. Burkitt figures in black are frequently the most modern 
of all.* 

As to the actual age of any of the paintings, the only data is that fur- 
nished by the zoological evidence. The horses in blue clearly belong to 
the European period and may possibly date back to the end of the seven- 
teenth century, but are probably not earlier than the latter half of the 
eighteenth century; and the fat-tailed sheep in white belong to the 
Hottentot period, which also is not very ancient according to Hottentot 
tradition. 

If we assume that all paintings of precisely the same colour belong to 
the same period, as I think is justifiable at this site, at least in the case of 
so compound a colour as the slaty blue, it is interesting to notice that 
great differences of quality occur. Most of the blue paintings are artistically 
very poor, but one is decidedly otherwise. We must also regard a single 
antelope in golden yellow as quite a superior piece of art; and these two 
instances sufficiently indicate that late paintings are not necessarily all of 
decadent quality. 

Another reasonable conclusion, I think, is that all the paintings at this 
site in bright brick red and in white, and the single golden antelope, are 
more or less of the samg period as the blue ones. This is important, because 
the brick-red figures of felines and antelopes show peculiar tricks of technique 
which ally them to paintings at many sites in the Stormberg region and 
separate them from the southern Wilton group. 

Respecting the age of the artefacts, there are several clues. The pottery 
and bone implements of the cave clearly belong to the iron period of this 
region, which is probably not very ancient, the chief known source of supply 
in the Eastern Cape Province being the wreckage of European ships. As 
to the pre-European period we actually possess no certain knowledge : 
however, the probability of an early traffic with metal-workers in the 

* South Africa’s Past in Stone and Paint, p. 134. 
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north does not accord well with the traditional view of Bantu modernity 
south of the Vaal River: nor may we look to Hottentot sources with 
much confidence in view of the earliest European reports. In Sparrman’s 
time (1775) iron was sometimes employed for tipping the arrows of Bush- 
men, although bone tips apparently were commoner. But in the Wilton 
eave, which has considerable deposits suggesting an age of at least several 
centuries, no trace of iron has been found. The small scrap of iron un- 
earthed from the lowest layer of the cave at Tafelberg is much rusted, but 
only superficially, although the total thickness is only 1-5 mm. 

The stone implements are all made of indurated shale, only slightly 
weathered, and for the most part are referable to the Smithfield industry 
(Smithfield B). On the technique alone it might seem undesirable to 
separate the series into more than one industry, although two of the figured 
_ Specimens approximate somewhat to Wilton types (Nos. 13, 14). These 
may perhaps belong to the Poort industry, which in the Free State is 
represented to be chiefly a cave industry (Smithfield C). On the weathering 
there are undoubtedly differences, the great majority of specimens found 
being black with scarcely altered surfaces, but six examples are greyer. 
Of the latter, Nos. 4, 11, 14, and 17 are only a little altered, No. 13 more so, 
and the rough scraper No. 12 still more, but this one is a reworked flake of 
an older industry. 

It is not assumed that slight differences in weathering necessarily imply 
differences in age, but, taken together, the weathering and technique data 
suggest a minor sequence in the stone industry, the Wilton-like specimens 
being older. 

The pottery also is of two types, probably of different age, although 
there is great resemblance in the patterns. That found on the surfaces out- 
side the cave has beea reddened with ochre, whilst sherds from the culture 
layer of the cave show no trace of ochre. 

I do not claim to have found at this site any indubitable connecting 
links between paintings, pottery, and implements. Such correlation will 
only become possible after many sites have been studied and compared. 
In the meantime I think it a reasonable hypothesis that the red pottery 
and perhaps the Smithfield stone industry, as represented by end-scrapers 
Nos. 5 to 8, belongs to the period of the slaty-blue and bright brick-red 
paintings. It must be remarked, however, that, according to Mr. van Riet 
Lowe, quite a different kind of pottery is associated with Smithfield imple- 
ments in the Free State. 

Again, we can regard as tolerably certain the association of black 
pottery with rough flakes—apparently of Smithfield type—with bone 
bodkins, and with bone arrow-heads characteristically split at the apex — 
on which latter element the association may surely be referred to the 
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historic aborigines or their ancestors. We also have a black painted slab 
apparently from the same association, and have recorded a human figure 
painted in black near the roof of the cave after its occupation by the bone- ) 
implement makers; so it seems an equally tenable hypothesis that all the 
black paintings of this site belong to about the same period as the black 
pottery. The suggestion is, in brief—first, black paintings and black pottery, 
then red paintings and red pottery. 
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BONE ARROW-HEAD AND POTSHERDS FROM TAFELBERG HALL. 


(Three lower sherds black, two upper ones reddish.) 
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GIANT CRESCENTS. 


A Brief and Preliminary Record of a Hitherto 
Unnoted Culture in the Stone Age of 
South Africa. 


By C. van Riet Lowe, 
District Engineer, Public Works Department, Port Elizabeth. 
(Communicated by Sir CARRUTHERS BEATTIE. ) 


(With five Text-figures.) 


My object in presenting this paper is mainly to describe a most interest- 
ing and hitherto unrecorded assemblage of stone implements from Mazeppa 
Bay—a little-known feature at the mouth of the Kogha River, situated 
approximately midway between the Great Kei and Bashee Rivers on the 
Transkeian coast of the Cape Province (see fig. 1). 

The implements were all found on the surface and although we therefore 
have no idea of their actual age, an examination—of materials, debris, 
technique, weathering, etc.—shows that they belong to a single industry, 
the technique of which appears to provide a clue to the cultural horizon 
to which they most probably belong. The specimens selected for deserip- 
tion are typical and represent the better, certainly the most characteristic 
remains of an industry that was practised from Mazeppa to Algoa Bay 
along the coast and as far inland as the southern bank of the Orange River, 
i.e. over an area of approximately 20,000 square miles: an area shown 
shaded on the accompanying map. Excluding Sites Nos. 3 (Kowie River 
mouth) and 4 (Kasouga River mouth), where isolated specimens only were 
found, the remaining sites have all yielded such homogeneous assemblages 
that we are obliged to combine the various site industries, scattered as they 
are over a widespread area where materials of different quality and texture 
were used, into a single and in this instance new culture. 

Our first examination of a collection from any one of these sites, but 
most particularly that from Mazeppa Bay where a quartzitic sandstone 
(T.M.S.) was exclusively used, reveals a typical blade-industry character- 
ised by long, narrow blade-like implements principally more or less isoscelene 
(acute-angled) in shape, and by numerous variants of these. The majority 
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of the specimens are points with plain flake surfaces with typical bulbs on 
one side and trimmed on the other. The primary trimming—performed 
before the main flake was struck from the core—is longitudinal and in the 
main convergent : the striking platforms or butts are rarely faceted, and 
the secondary trimming is all from the flake surface, the finished implement 
being blade-like from above and slender in cross-section (see fig. 2) (1). But 
for the paucity of faceted butts, these points may be described as typically 
Middle Stone Age—Mousterian-type. The great preponderance of plain 
striking platforms suggests, however, that the industry is Late Middle Stone 
Age or perhaps early Later Stone Age. 

With these trimmed points are found a variety of blade-shaped scrapers 
and occasionally gravers (see fig. 3). One's first impression that the 
industry is Late Middle Stone Age is therefore strengthened. 

Associated with these points. scrapers, and gravers, and by far the most 
striking. characteristic, and interesting product of the industry, is a type 
of implement, only one of which has. as far as I know, hitherto been found 
and recorded in the Union. In their contribution on “‘ Some Remarkable 
Stone Implements in the Albany Museum, Grahamstown,” to the South 
African Journal of Natural History (Péringuey Memorial), Hewitt and 
Stapleton described and figured a most unusual and, at that time, unique 
implement (2). Their description is worth quoting in full : — 

* Another implement . . . is shaped much like the quarter of an orange. 
There are two flat surfaces which meet to form the more or less straight 
cutting edge, and there is the strongly curved upper surface away from that 
edge. This latter has been converted into its present shape by flaking and 
trimming, but the flaking is comparatively coarse, and a small portion of 
the original surface remains untouched in the middle: this surface is thus 
convenient for handling, but is rather rough. The cutting edge shows 
signs of usage. being broken over its whole length. Apparently the imple- 
ment was made from a large thick flake, but if so. there only remains of the 
original flake the two flat surfaces. for the upper straight ridge or ridges of 
the flake has been entirely removed and replaced by a single well-curved 
edge which rises from each end to its highest point in the middle. Assuming 
the correctness of this interpretation, the implement may be regarded as a 
Giant Crescent. (The italics are mine.) The single specimen described was 
picked up amongst the sand hills at Kasouga River mouth by the Rev. P. 
Stapleton, S.J. It is made of a dark Karroo sandstone. and the measure- 
ments are: Total length 34 inches, greatest breadth of curved surface 14 
inches, greatest breadth of flat surface 1§ inches.” 

In other words, despite the unusual thickness or ~ greatest breadth of 
curved surface” of the specimen above described, we have a double-pointed 
blade with a more or less straight cutting edge bounded by two flake 
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surfaces and a well-curved and battered back—a Giant Crescent—in this. 
the first recorded occurrence in South Africa, unfortunately unassociated. 
By good fortune we now have similar but finer specimens associated with 
a definite industry—the finest collection of which is represented in the 
Mazeppa Bay assemblage. 

Figs. 4 and 5 illustrate two typical specimens. The dimensions shown 
are allin the order: length, breadth, and thickness—all maximum measure- 
ments. The average for five selected and, I take it, completed specimens 
being 3-80” by 1-32” by 0-68”, or 9-65 em. by 3°35 cm. by 1-73 em. 

It is important to note that cross-sections (each taken at a right angle 
to the major axis) fluctuate between acute-angled isosceles triangles and 
sectors, while the whole, viewed in plan, is segmental—thus resembling 
precisely a typical but magnified single crescent of the Wilton. Specimens 
naturally vary somewhat in shape, but generally may be said to range from 
Abri Audi to Chatelperron types, not only in profile, but apparently also 
in size (3)—types that, in Europe, characterise what we must regard as a 
transition from the middle to the upper paleolithic industries, the former 
typifying the final Mousterian (4), the latter the Early Aurignacian (5)— 
the whole, however, belonging rather to the upper than to the mid- 
paleolithic. 

Now it is an extraordinary thing that we should find here—about six 
thousand miles away—an almost exact parallel, for, despite its Middle Stone 
Age flavour, this Mazeppa Bay industry belongs rather to the Later than 
to the Middle Stone Age. Where giant crescents have elsewhere been 
found in association with other implements, the sites have all revealed this 
typical blade industry—points, scrapers, gravers, and crescents—the 
crescents all conforming remarkably to the dimensions given above. At 
Sites Nos. 7 (Cradock) and 9 (Venterstad) we find, in addition, crude Lower 
Smithfield concavo-convex flakes—thus strengthening our suspicions that 
we are in contact with an industry that represents a transition from the 
Middle to the Later Stone Age; one that most probably forms an integral 
part of a cultural apdmixture that arose from a contact between pale- 
anthropic and neanthropic tribes—the main influence being neanthropic. 

My grateful acknowledgment for permission to describe this Mazeppa 
Bay assemblage, collected by Mr. Frank Brownlee, is due to Captain 
Shortridge, Director of the Museum (Kaffrarian) in which the implements 
are housed. It is due to my introduction to these finds by him that I owe 
the special interest I came to take in giant crescents in my long journeys 
through the Eastern districts of the Cape Province, the Cis- and Transkeian 
Territories. I am also grateful to Messrs. Kissack of Cradock and Hewitt 
of Grahamstown for permission to examine their Cradock and Kasouga 
finds (6). 


: 
4 
2 
ape 
th 
a 
~ 
+ 
fy 


Giant Crescents. 203 


REFERENCES. 


(1) Cf. Manuel de Recherches Préhistoriques, 1929, edited by Costes, figs. 44 and 46, 
p- 230. 

(2) Vol. v, p. 38, pl. ii, fig. 8, described as a “‘ Giant Crescent from Kasouga River 
mouth.” 

(3) European writers are, on the whole, unfortunately not very clear on this. Their 
illustrations are usually views from above and below, and it is impossible to appreciate 
the cross-sections. Parallels are therefore drawn from general aspects, not cross-sections. 

By way of illustration of the importance of the cross-section, it is illuminating to note 
that in the Upper Wilton the crescent is invariably (if not always) single, i.e. lunate or 
bow-shaped, and always isoscelene in cross-section. In the Lower Wilton both single 
and double crescents appear, the former isoscelene, the latter quadrangular in cross- 
section. To give views of these from above and below only is insufficient. 

(4) OBERMAIER (1925), “‘ Fossil Man in Spain,” p. 38, fig. 36. 

(5) OBERMAIER (1925), “‘ Fossil Man in Spain,” p. 101, fig. 39 ; cf. Manuel de Recherches 
Préhistoriques, 1929, pl. xiv, Nos. 1 and 2, p. 232. 

(6) The material used at Cradock (Site No. 7 on the map) was lydianite throughout, 
while the Kasouga specimen is of sandstone and that from the Kowie diabase. 


nN 
y 
q 
1 
mia 


= 
Ey 
“i, 
A 
x 
BES 
g 


( 205 ) 


THE POMONA-QUARTZITE AND OYSTER-HORIZON ON THE 
WEST COAST NORTH OF THE MOUTH OF THE OLIPHANTS 
RIVER, CAPE PROVINCE. 


By E. Reunine (Cape Town). 


(With Plates XVIL-XIX, and three Text-figures.) 
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I. IxrrRopUCTION. 


On the farm “ The Point,’ to the north of where the Oliphants River 
empties itself into the Atlantic Ocean, extensive prospecting has opened up a 
number of sections that give us an insight into the mutual relations between 
the fossiliferous Tertiary gravel-grit and sand deposits and the highly 
silicified strata that are considered to be the equivalents of the Pomona- 
quartzite. 

Proceeding northwards from the mouth of the Oliphants River cliffs come 
more and more into evidence. The gravel and grit resting on a phyllitic 
subsoil consist almost entirely of material brought down by the river. 
Massive bands of this materia] alternate with beds of sand (ef. Plate I, 
Photo 1). Marine molluscs are entirely absent. 

Approximately from the central promontory (about 2-3 miles to the 
north of the mouth) true marine deposits become progressively more evident. 
These are most easily distinguishable by the composition of the gravel 
stratum which lies immediately on the phyllites and which is for its greater 
part composed of quartz pebbles which originate from the quartz masses 
in the phyllite itself. In addition there is also some foreign material derived 
from broken-up river rubble and carried thither by the sea. 

At the central promontory and from there northwards past Elephant 
Rock Heights coastal cliffs are exceptionally well developed ; further north 
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the height of the cliff decreases and passes on into a level coast. Above the 
cliff the old regression surface dies out, but at the promontory where the 
marine sediments have been denuded it reappears as an exposed rocky 
surface. Between the capes the old surface is overlain by fossiliferous 
marine sediments and frequently covered by dune-sand (ef. Plate I, Photo 2). 


II. Tae Coastau CLirrs. 


The coastal clifis are best developed between the middle promontory 
and the promontory carrying the western boundary-beacon of the farm 
Elephants Rock Heights. In the following profile (fig. 1) the relations 
are most clearly to be seen. 

Between high- and low-tide the shallow rocky floor is visible at many 
points along the coast. This is followed by a very level foreshore 100-200 m. 
in width, then a vertical cliff rises to an average height of 70-88 feet (21- 
27 m.) above sea-level. It is composed of comparatively soft phyllitic 
blue-grey beds, with numerous quartz veins and quartz boulders, and is 
strongly folded and minutely crumpled. 

At some places this blue-grey phyllite is overlain by yellowish shaly 
to sandy beds. These, unlike the phyllites, show less major folding and 
hardly any crumpling, and are relatively poor in quartz veins and quartz 
boulders. An unconformity is clearly to be seen between these two. 

Above both series of beds, which are folded into one another, at about 
80 feet (24 m.) above sea-level, there stretches a regression surface. This is 
the surface of deposition of a consecutive series of younger marine sediments, 
whose age can be determined with comparative exactness by means of its 
fossil-content. 

Further inland low ridges arise. It has only been possible to determine 
the rock below them by means of a bore-hole at the northern boundary of 
the farm; at the Oliphants River it is, however, exposed, and shows that 
remnants of the Table Mountain formation overlie the blue-grey phyllitic 
and yellow sandy beds. It is probable that this Table Mountain Sandstone 
is present on the ridges but is covered by sand which, from the termination 
of the marine sediments, forms a massive terrestrial cover over the ridges. 


Ill. Marine SEDIMENTS. 


The marine sediments lying on the old regression-surface show, with 
reference to the succession of the deposits, their composition and their 
fossil-content, a great regularity and agreement in all the profiles * opened 
up between the middle promontory and the cliff opposite Seal Island. 


* The excavations were superintended by P. Buchholz: to him I am indebted for 
the carefully prepared profiles of shafts Nos. 6 and 27. 
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They, therefore, give usa valuable basis for the determination of the Tertiary 
deposits of this region of the coast, but their chief value lies in the correlation 
of these deposits with the silicification which has produced quartzites. 
With reference to its appearance and development this quartzite is absolutely 
similar to the Pomona-quartzite that is developed at many places on the 
northern coast and particularly in the diamondiferous region of South- 
West Africa. 

We are hereby enabled to determine the age of the silicification and 
development of the Pomona-quartzites within relatively narrow limits, 
which has hitherto not been possible on their fossil-content. The fossils 
discovered have been named by Dr. 8S. H. Haughton, who will treat of them 
more fully elsewhere. 

(a) Regression Sediments. 


On the phyllitic floor there rests a bed some inches to over a foot in 
thickness, which is clearly dependent on the underlying rock. It is com- 
posed of angular and facetted, more or less rolled, pieces of the phyllite, 
phyllitic rubble, quartz pebbles originating from the veins and inclusions, 
grit and finer material of the same origin from the lower layer. The fossil- 
content is poor, but shows the same character throughout. In addition to 
numerous black sharks’ teeth there are present a small smooth oyster, 
Chlamys pusio, Patella natalensis, and valves of a species of Kraussina. 
(Plate II, Photo No. 3, shows the bedrock and the sediments; Photo No. 1 
the nature of the conglomerate.) 


(b) Equivalents of the Pomona-Quartzite. 


Proceeding upwards the material of this lowest layer becomes less 
coarse and passes over into gravel and grit with a thickness of about one 
foot. In the lowest part the cementation is chiefly calcareous. Higher up 
it gradually becomes siliceous. On the grit there follows about 2-3 feet of 
sand. This forms the so-called “ harde-bank,” and is almost uniformly 
strongly silicified (Plate JI, Photo No. 1). Less silicified, more calcified 
pieces, weathering at the edges of the outcrops and on broken-off blocks 
which are hanging or have fallen down, produce friable and pitted quartzites. 
The colour of the quartzite is mostly yellowish ; where it is ferruginous it is 
brownish to dark brown. It is always only the cement that is coloured ; 
the quartz grains and pebbles are white. In the lowest layers the pebbles 
are more rounded, in the upper the inclusions are often facetted and angular 
and suggest cleaved and wind-polished pebbles. 

Upwards the “ harde bank ”’ passes over into argillaceous, calcified, and 
less silicified layers. At a few places these clays are preserved in layers up 
to a thickness of 1} feet; and throughout they give the impression of lagoon 
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mud or clay. The silicification of these clays is only local and occurs in 
the form of concretions. The horizon must, however, have been continuous 
and also present at places where it is to-day no longer exposed. This is 
indicated by the presence of more or less consolidated masses of clay and 
boulders of argillaceous sandstone which are mostly rounded. 


(c) Main Oyster-Horizon. 


The argillaceous layer must have been either completely, or at some 
places only partly, denuded by a renewed advance of the sea. Its partial 
silicification and that of the immediately underlying sand and grit layers 
must, however, be older, because one finds, in the later marine sediments, 
flat boulders and slabs with rounded facets and corners from the argillaceous- 
sandstone horizon. 

Moreover, the argillaceous sandstone is often preserved in situ, furrowed 
and smoothed by water, and in the hollows thus formed finer gravel and 
grit is deposited (ef. Plate II, No. 2). Wherever the smoothed clay bank, 
with its depressions filled with gravel and grit, is preserved, it is covered 
by a boulder-bed which elsewhere lies on the so-called “ harde bank.” 

The material of this boulder-bed becomes coarser from below upwards. 
The packing of the boulders 2~3 inches, sometimes 5-6 inches, in diameter 
is apparently irregular. They consist of quartz, mostly silicified rounded 
flags of argillaceous sandstone from the Pomona-quartzite-horizon, and in 
between these smaller pebbles and grit. 

The total thickness of this deposit reaches 3 feet, of which 14-1? feet is 
composed of the upper boulder-beds. This itself is strongly lime-cemented, 
the cementation decreasing downwards. 

In this lime-cemented boulder-bed the main oyster-horizon is found 
(Plate III, Photo No. 1). A few oysters are already present in the under- 
lying gravel and grit, but their chief development occurs in the boulder- 
bed, and particularly in its uppermost layers. This is denoted by their 
frequency and enormous size. In shape the oyster-shells differ radically 
from those of the typical Ostrea prismatica ; they are broader and thicker. 
In addition to the oysters, Thais praecingulata and a few valves of Donax 
rogersi are encountered. No rolling of the fossils can be observed; the 
deposition must still be primary, otherwise oysters with the upper valve 
still preserved would not be found. 


(d) Donax rogersi Beds. 


The coarse conglomerate carrying the oysters is covered by fine-grained, 
light-coloured sea-sands, which low down are lime-cemented. Upwards this 
calcification decreases. Then there follow layers of gravel and grit alter- 
nating with light-coloured sands. 
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In the vicinity of the clifis only the two lowest gravel and grit layers 
(together about 2 feet) of the whole Donagx-beds are preserved. Further 
inland five gravel and grit layers are encountered. Their total thickness is 
somewhat more than 5 feet. Donax occurs most frequently in the last but 
one gravel and grit bed. All the layers of this series of strata occur in 
their original stratification, because it is found that the soft and fragile 
shells of Donax are often still connected and practically undamaged. 

The composition of the gravel and grit denotes that the major part of 
its constituents has been derived from the immediate rock-floor, from forma- 
tions in a more distant neighbourhood and from material of the Oliphants 
River and a few short coastal rivulets. Foreign inclusions occur very 
rarely. Now and then grains of Griquatown boulders, of jasper and por- 
phyries, that are apparently derived from the Orange River, are found. 
No diamonds were excavated. 


IV. THe TerrestriaAL Cover. 


As a result of the uplift of the coast all these marine beds were removed 
from the action of the surf. In any case the oyster-horizon yields no 
indication of any subsequent redistribution of its component material. 

During the later stage of the formation of the dunes, denudation has, 
however, taken place which, particularly in the half-cauldron-shaped 
wash-aways that lead up to the ravines in the cliffs, has destroyed the upper 
layers of the marine sediments and formed a cover of dune-sand. 

In these disturbed parts, above still undisturbed marine-beds, one finds 
dune-sand which is filled with gravel and grit and small boulders and at 
times also includes fragments of lamellibranch shells. 

In the prospecting pits further away from the coast the reddish dune- 
sand overlies an undisturbed marine gravel and grit layer. The boundary 
is clearly demarcated, and is mostly denoted by the presence of well-pre- 
served land tortoises. 

The whole terrestrial sand deposit which now follows (in the prospecting 
pit 17a over 64 feet in thickness) has been formed in a discontinuous cycle 
Layers of sand with rootlets and calcified layers denote a stationary period 
during the cycle of sedimentation. 

The lowest dune-sands (about 2}-3 feet) are calcified, those lying above 
have formed clays—a result of the weathering of the felspathic constituents 
~—-and have been more or less hardened. Their colour is light brownish to 
reddish. In the horizon carrying rootlets (ef. Plate III, No. 2) and further 
upwards the colour becomes more yellowish. 

As already mentioned, fossil land-tortoises occur in the lowest part of the 
sand-cover ; and, furthermore, a few badly preserved indeterminable bones 
of terrestrial mammals and a humerus of a large buffalo have been found. 
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V. ConcLusIons. 


The sections that were exposed during the sinking of prospecting pits 
were thoroughly investigated and described in detail, because they give us 
an unequivocal insight into the relations of the various Tertiary marine 
horizons developed along the west coast to those horizons of silicified sand 
and boulders known as the Pomona-quartzite. 

There is no doubt that the oldest marine layer with the thin, smooth 
oyster and black sharks’-teeth, which is developed along the coast at ** The 
Point,” is older than the overlying strongly silicified sands. The main 
oyster-horizon (and all the overlying layers) are, on the contrary, younger 
than the equivalents of the Pomona-quartzite which occur in the form of 
boulders together with the oysters. 

Along this part of the coast the silicification has included the already 
calcified sands and lagoon-muds which lay only slightly above the then 
existing sea-level, and has firmly cemented them. The re-incoming of the 
sea, due to slight sinking, has partly denuded the upper argillaceous sand- 
stone beds particularly, and to a less extent the quartzite, and has deposited 
pebbles mostly with their facets and angles rounded off—together with the 
stout oysters—on the still preserved “‘ harde bank.” 

The Pomona-quartzite along the coast lies at about 80 feet (24 m.) above 
sea-level. In the valley of the Oliphants River—to-day a drowned valley— 
on the farm Zoutpans Klipheuvel, it lies 52 feet (16 m.) above sea-level-— 
that is, at a slightly lower level than at the coast. From here down to the 
river it is preserved, and covers the older deposits of river rubble and lies 
at approximately 35-50 feet (10-15 m.) above sea-level. 

The causal factor of the coastal cliffs at “‘ The Point,” as also to the 
north, e.g. at Karoetjeskop, must be the easily destructible nature of the 
old phyllitic bed. The uplift of the continent was not rapid enough to 
create an inclined shore, the surf eating away into the mainland quicker. 
Thus it may have come about that, notwithstanding the uplift, a weak 
transgression operates that creates a cliff. 

The rarity of typical boulders from the Orange River—which are more 
frequent to the north, e.g. at Grauwe Duinen and at Karoetjeskop—and the 
absence of diamonds appears to denote that either diamondiferous deposits 
were not transported so far to the south, and are therefore absent, or that 
they lay further seawards. This is not impossible, as the oyster-horizon 
and the Donaz-beds have certainly stretched further westwards; the 
latter are, however, younger, while the former is without doubt older, than 
the first appearance of diamonds on the South-African West Coast. 
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EXPLANATION OF PLATES. 
Puate I. 


No. 1. Outcrops of river deposits on coast north of Oliphants River mouth. 
No. 2. General view of promontories showing phyllitic cliffs and overlying deposits. 


Puate II. 


No. 1. Phyllitic bedrock right below, basal bed, Pomona-quartzite (harde-bank), and 


boulder-bed with oysters on top. 


No. 2. Exposed remainder of clayey sandstone (upper Pomona-quartzite) topped by 


boulder-bed containing big oysters. 


No. 3. Bedrock and overlying tertiary marine deposits. 


Puate ILI. 


Main Oyster-horizon above Pomona-quartzite. 
Dune-sand with calcified roots. 
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A CONTRIBUTION TO THE GEOLOGY AND PALAEONTOLOGY 
OF THE WESTERN EDGE OF THE BUSHMANLAND PLATEAU. 


The Relations of the Tertiary Deposits and Surface-quartzites to the 
Dwyka and the, Kimberlite occurrences. 


By E. Reunine (Cape Town). 


(With Plates XX-X XII, two Maps, one Sketch, and three Profiles.) 
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The different character of the diamonds of the alluvial deposits to the 
north and to the south of the mouths of the Bufiels and Orange rivers 


made me suspect that they originated from different regions. 


Careful 


consideration brought me to the conclusion that the place of origin of the 
Buffels River diamonds must be situated in a clearly circumscribed region 
in the neighbourhood of the upper courses of the river and its higher tribu- 
taries (cf. Cape Argus of 16/10/1929, p. 13, and The Star of 21/10/29). 

The investigations to prove this supposition resulted in the discovery of 
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poorly diamondiferous river-terraces and a large number of Kimberlite 
occurrences of which it was possible to prove that one was diamondiferous. 
Although this discovery has no commercial value, the geological facts give 
us an insight into the geological history of this region and enable us to come 
to some conclusions as to the climatic changes during not very remote 
times. 


I. TopoGRaPHY OF THE WESTERN EpGe or BUSHMANLAND. 


From a point on the main road at Plat-Bakkies a view is obtained which 
shows up the differences in the configuration of the area with unusual 
clarity. A line running north-south divides the panorama into two totally 
different halves. 8.W., W., and N.W. lies a nearly endless sea of mountains 
and ridges alternating with deep precipitous valleys and ravines; in both 
of the eastern quadrants lies an endless plain of unbroken monotony, 
dipping only very slightly in an easterly direction. 

We are standing on the edge of the Bushmanland plateau, which to 


os westward has been broken up, but which formerly must have extended 
over this wild mountainous region. This is still recognisable in the constant 
oe altitude of the peaks and ridges of the high mountains and ranges which 


form the remnants of a peneplain rising slightly to the west, from which 
only the Kamiesberg juts out slightly as an island. 

From this border very shallow watercourses flow towards the east and 
frequently open into vieis. To the west, on the other hand, the water- 
courses very soon entrench themselves deeply and with a steep fall rush to 
the larger rivers, which reach the ocean as the Buffels, Groen, and Oliphants 
rivers. 

The head of the Papkuils River, for example, lies 3880 feet (1183 m.), its 
junction with the Bufiels River 2870 feet (875 m.) above sea-level, which 
means that in a total length of 25 miles (40 km.) there is a drop of about 
1000 feet (300 m.). The watershed, between the rivers flowing eastwards 
to the Henkries Valley (Orange River) and the coastal rivers flowing west- 
wards to the sea, lies only 67 miles (107 km.) from the coast and 3891 feet 
(1186 m.) above sea-level. 

Notwithstanding the comparatively low rain-fall the weathering of the 
rocks, due to insolation, diurnal differences in temperature, and chemical 
reagents, is quite extensive. The periodically flowing waters on the western 
slopes manage to keep pace with the weathering and remove the detritus. 
This is carried to the sea by those rivers with a steep drop and greater 
power of transport, and they cut themselves in deeper and deeper and tend 
to move the edge of the plateau still further eastwards. Frequently 
shallow water-courses which formerly had a north and east drainage are 
hereby trapped and brought into the reach of the coastal rivers. 
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Valley terraces and river deposits are only present as indications, the 
latter only at protected points and mostly only as remnants of older higher- 
lying rubble terraces. 

Quite different appearances present themselves in the drainage system 
developed in the plain dipping slightly to the east. Here the transporting 
power of the water is not high enough to remove the detritus which fills the 
very shallow valleys and to which the easterly winds bring more material. 
Frequently these valleys are blocked up and end in vleis, or the water- 
channels die out in the wide detrital cones. 


Il. RereRENCE To FoRMER INVESTIGATIONS. 


The geology of this plateau edge of Bushmanland between Banke and 
Plat-Bakkies has already been treated of in detail by A. W. Rogers (Geo- 
logical Survey of Parts of Van Rhynsdorp and Namaqualand Divisions. 
16th Annual Report of the Geological Commission, 1911, pp. 9-84). 

He describes in detail the old mountains, the weathering, the superficial 
deposition, and the younger intrusions of melilite- and melilite-nepheline- 
basalts. By referring to this specially recommended paper, repetition will 
be avoided. 

In the sequel some new observations, which are essential for the forma- 
tion of 2 complete picture, will be added. 


IJ. Tae Dwyka «nN THE VicINITY OF THE EDGE oF BUSHMANLAND. 
(a) Dwyka-remnants in old Valleys. 


In the immediate vicinity of the present watershed there are the heads 
of watercourses traversing very shallow old valleys which had formerly been 
filled up to a certain level with detritus, rubble, gravel, and sand, which 
have again largely been removed. Where this material was consolidated 
remnants have been preserved. This is mostly the case at the old edges of 
the valleys, but frequently also further towards the middle. By these 
means, in the former case terraces, and in the latter case low tafelbergs, 
have been formed. 

In general the main axis of these re-opened valleys, or valleys still 
recognisable by the remnants of deposits, is north-south. Lateral tribu- 
taries frequently come from the west and run contrary to the coastal slope. 

This north-south direction is at present still preserved in the upper and 
middle reaches of many rivulets lying to the west of the plateau edge, even 
when they have cut in deep and have been incorporated in the rest of the 
present drainage system which flows direct to the coast. 

The presence of typical Dwyka material, of jasper, agate. and Griqua- 
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land pebbles, and pebbles which still clearly show facets, in the lower 
layers of the filled-in old valleys near the watershed proves that the covering 
of Dwyka must have extended right up to this region, but that, at the time 
when the infilling of the valleys began, it must, with the exception of some 
small remnants, have already been entirely removed. 

If one proceeds eastwards from Banke the first larger remnants of 
Dwyka are encountered at a distance of about 25 miles (40 km.). 

On the farm Lepel, yellow to yellowish-grey Dwyka shales covered by 
pebbles are lying in shallow depressions in the old granite. These pebbles 
still show typical facets with scratches. Through the denudation of the 
finer material they are concentrated on the surface. In small shafts they 
are encountered singly within the shales. 

The nature of the packing denotes an original stratification and the 
underlying granite has a smooth surface. It is conspicuous that the size 
of the pebbles has decreased considerably in comparison with those in the 
Dwyka lying further inland; boulders with a diameter greater than 5-6 
inches are rarities. The further east one proceeds the larger do the boulders 
become. The fact that at the watershed the largest pebbles are only 
2-3 inches agrees with this general rule. 

Here one is at the western limit of the melting of the Dwyka-ice and the 
deposition of the coarse material that was transported in the ice. 


(b) Dwyka in Shallow Depressions. 


Approximately 17 miles (27 km.) south-south-east of Banke one en- 
counters a larger continuous, apparently undisturbed, deposit of Dwyka, 
which shows a slight dip to S.W. It lies on the eastern edge of a southerly 
directed valley that joins the great Knechtsvlakte. The surface of this 
deposit lies at 3012 feet (918 m.) ; at Hartslagkop, about 16 miles (25 km.) 
south-south-east of Nieuwefontein, it lies at 2913 feet (888 m.) above sea- 
level. These two occurrences are the most westerly larger remnants of 
Dwyka preserved in undisturbed position. The type of stratification and 
the small size of the pebbles (cf. also Rogers, p. 59) also denote the proximity 
of the western limit of the melting ice. 

There is still a further point of interest. The old re-exposed floor below 
the Dwyka in this region lies approximately 1000 feet (300 m.) lower than 
at the watershed and at the rest of the western edge of the Great Karroo 
Basin, in contradistinction to the main girdle which always lies inclined 
down to the middle of the Karroo Basin. A similar exception occurs in 
the Dwyka west-north-west and to the west of Loeriesfontein ; here it is 
inclined in a westerly direction. No disturbances in the stratification 
can be observed. 
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These observations apparently show that the Dwyka conglomerate (the 
tillite) must have been deposited on a pre-existing, at present re-exposed, 
south-westerly inclined slope or in a depression that continued into the 
wide Knechtsvlakte to the north of Van Rhynsdorp. 

In the northern parts of the Knechtsvlakte one frequently finds true 
representatives of Dwyka pebbles of 2-3 inches diameter, with partly 
preserved facets—a fact that denotes that the transportation could not 
have lasted very long. River transport of 25 or more miles (40 km. and 
more) would have destroyed such facets. 


(c) Explanation of the Phenomena. 


These observations seem to denote that the old pre-Dwyka surface 
which has been re-excavated in that region, although having certainly been 
involved in the general isostatic uplift of the continent, must have escaped 
any special tectonic incidents ; only the eastwardly extending erosion has 
broken it up. One realises, furthermore, that from the watershed which 
continued westwards to the Kamiesberg, northerly and southerly directed 
pre-Dwyka valleys must have been present, and that probably also the 
Knechtsvlakte, or at least its upper part, must antedate the deposition of 
the Dwyka. 

The preserved remnants of Dwyka on the edge of Bushmanland, as 
also further east and north-east, lie on an old granite and gneiss terrestrial 
land surface—a weak undulating peneplain. Striated pavements have not 
been observed in this region of the plateau edge; the composition of the 
Dwyka tillite and its bedding seem to point to sedimentation in a shallow 
sea. The absence of other sediments between the old formations and the 
tillite is most likely due to the sinking of the pre-Dwyka peneplain under 
the level of the Dwyka sea when the peneplain was capped by ice-masses. 


IV. Tertiary Deposits. 
(a) In River-beds and Depressions. 


The superficial deposits, which A. W. Rogers (p. 73 et seq.) describes in 
detail, lie in those shallow pre-Dwyka valleys and depressions of the old 
peneplain which were preserved for a long period and were used by a 
younger drainage system, as at the present time they are still used. 

In addition, at very well-protected points—in deep depressions and 
Kimberlite-pipes—clays, whose constituents may partly at least have been 
derived from the Dwyka shales, are preserved. I shall return to this 
point later. 

As a result of the peculiar consolidation of the deposited material and 
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the easy weathering of the coarse-grained granite, the remnants of these 
deposits are now, as previously mentioned, often encountered as terraces and 
low flat-topped hills. 

From isolated observations one obtains the following picture: the 
re-exposed peneplain with its irregularities was subjected to a—geologi- 
cally speaking—relatively young cycle of denudation; the pre-Karroo 
valleys and depressions were in this new cycle used as watercourses and 
forced into an erosion system whose base lay to the west: from there the 
erosion worked strongly against the edge of Bushmanland, but the trans- 
porting power of the water in the shallow upper reaches of the rivers was 
not strong enough to prevent deposition and infilling ; before this deposition 
began, the denudation of the probably little consolidated Dwyka in this 
border region must have been nearly complete, otherwise one would expect 
a greater residuum of Dwyka ; the deposition must, therefore, be due to the 
fact that the erosion had not penetrated very deeply against the edge and 
because the rainfall was not high. 

On the gentle slopes of the valleys and in the valleys themselves deposits 
were accumulated. The lowest layers are always composed of coarser 
material, with angles and edges rounded off, but seldom completely rounded. 
The upper layers are more sandy, sometimes even clayey, but even here 
coarser fragments of the subsoil are present. Stratification is in general 
rare ; this is more often encountered in the sandy and clayey deposits, but 
it also occurs in the basal masses. The composition varies within short 
distances, and its dependence on the subsoil or adjacent rocks is evident. 
Thus, for example, it is observed that in the immediate neighbourhood of 
Kimberlite occurrences (and also of melilite basalt) and in watercourses 
coming from such occurrences, the lower layers are speckled with ilmenite 
grains, so that sometimes true ilmenite-conglomerates are encountered. 
The uppermost layers are nearly solely composed of quartz sand, with a 
few coarser grains of quartz and felspar. 


(b) Kaolinisation, 


All these deposits have later been more or less altered and consolidated, 
and the subsoil also occasionally shows conspicuous changes that are 
foreign to the present climatic conditions. Here no details will be treated of. 
I refer to the description of A. W. Rogers, and shall only select the essential 
points and discuss them. 

In the valley depressions the lowest layers of the deposits that are 
mainly composed of the weathered products of the granite and gneiss are 
kaolinised. The subsoil, no matter of what it is composed, is also kaolinised 
and bleached to a depth of some feet. This decomposition is so strong that 
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it is often difficult to differentiate between subsoil- and deposit-products. 
The kaolinisation is confined to the valleys and stretches from here to the 
side channels; this is, furthermore, to be observed in a lesser degree on 
slopes of low gradient that run into the valleys, never on steep valley-edges. 
Here the deposits lie directly on the practically fresh granite or gneiss. 

This phenomenon appears to be due to the fact that the deep-lying 
deposits and their subsoils have been thoroughly moistened for a long period 
with solutions that were probably rich in humus. 


(c) Salicification and Surface Quartzite. 


Later, at the cessation of the cycle, silicification and a lateritisation 
partly connected with it set in from the surface of the deposits. This is 
sometimes more, sometimes less, conspicuous, and it also extends to varying 
depths. Thus arose the surface quartzites and siliceous, or sometimes fer- 
ruginous, breccias that protected the underlying less silicified, more calcified 
layers from decomposition. The silicification is particularly strong on the 
slopes where the deposits thin out. As a result at many places a kind of 
terrain edge, at a constant level along and around the slopes, can be observed. 
It is always only the deposited material, never the subsoil, that is silicified. 

The surface quartzites and their ferruginous equivalents are widely 
dispersed along the western edge of Bushmanland. They have also been 
shown to be present at many places in the Knechtsvlakte, but are practically 
altogether absent on the steep coastal slopes. Only near the coast where 
terrestrial deposits or marine sediments occur are they again to be found. 

Further investigations on the mutual relationships between the inland 
and the tertiary coastal surface quartzites and their geological age are in 
progress. 

With the extension of the present continuation of the strong erosion 
against the edge of Bushmanland these deposits are, with the exception of 
a few remnants, being destroyed and the old-established drainage system 
broken up and incorporated in the present system. 


V. KIMBERLITE-PIPES, THEIR EXCAVATION AND RE-FILLING AND THE 
TIME-RELATION TO THE SURFACE QUARTZITES. 


(a) Melilite-basalts. 


For over twenty years pipes of melilite-basalts and nepheline-melilite- 
basalts have been known to occur in that region of the Bushmanland edge 
that stretches northwards from Banke and Plat-Bakkies, and they have 
been more closely investigated and described by A. W. Rogers. From that 
time onwards further similar occurrences have been discovered. A 
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portion of these eruptions of melilite-basalts rise above the general level of 
the country as spherical or as dark elliptical kopjes ; the other portion is 
partly covered by surface limestone. This is mostly the case when these 
occur in or at the edges of valleys. The contact is then found to be defined 
as a sometimes wide zone that is silicified or opalised, and, furthermore, the 
deposits in the upper portion of the pipe are partly silicified and lateritised 
so that surface quartzites similar to those of the valley deposits occur. 

The same appearances are to be observed in the case of the kimberlite 
occurrences, which we shall now consider. John Studer, a teacher at 
Kakamas, who knows this region very well, had already more than two years 
ago found many shallow depressions, in whose covering layers there was a 
rich accumulation of ilmenite, and he had suspected the presence of blue 
ground. His prospecting, owing to the difficulties of shaft-sinking, yielded 
no confirmatory results. 

My subsequent investigations and excavations proved that this was a 
kimberlite-region and established the presence of deposits in the upper 
portions of some of the kimberlite-pipes which, owing to their fossil-content 
and relationships to the surface quartzite, were of considerable importance. 


(b) The Boschjeslaagte Kimberlite Pipe. 


In a shallow depression to the north-west of the farm Burtonsputs there 
is situated an oval pipe approximately 400 by 650 feet (120 : 200 m.) in 
extent. The adjacent rock is a gneiss-granite, which is in parts kaolinised 
to a great depth. The profile on opposite page is that of a shaft sunk at 
its centre. 

The sandstones are without doubt the equivalents of the surface quart- 
zites, which lie in a valley only a mile (13 km.) to the north. They rest 
on grey, soft, unconsolidated clays, which themselves immediately overlie 
decomposed kimberlite. 

(Note.—On the map and on the profile given, this locality is wrongly 
spelt Boschieslaagte.”’) 


(c) The Camp Pipe. 


Not far from the watershed, near the north-eastern beacon of the farm 
Banke, there is a pipe in solid granite. At the contact and also within the 
pipe there are remnants of ferruginous quartzite, which is often stratified 
and sometimes contains much ilmenite. This quartzite lies on yellowish- 
grey to greenish-grey soft clays, which contain many gypsum layers and are 
traversed by gypsum veins. Owing to difficulties with percolating water 
it was not possible to continue the shaft to greater depths. 
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Profile through Main Shaft_at Boschiestaagte. 
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(d) The Extensive Arnot Pipe. 
(1) Former Investigations at Arnot. 


Under this name a locality will be described that was recognised as 
highly peculiar by a land-surveyor of that name nearly thirty years ago, 
and also investigated. The prospecting pits sunk in it were later discussed 
in detail by A. W. Rogers (pp. 78-81). 

This peculiar pan, nearly circular in form, covered by sand containing 
a large amount of ilmenite grains, is bordered by hard slightly decomposed 
granite, against whose south-eastern and southern contact with the pipe 
silicified, and also partly opalised, hard stratified sandstones are inclined 
towards the centre. These facts led one to expect a craterlike infilling or 
even a kimberlite-pipe. 

After I had found true blue ground at Boschjeslaagte (or more correctly 
yellow ground) at a relatively shallow depth I decided to investigate further, 
notwithstanding the fact that Studer had had to abandon a number of new 
shafts owing to the large amount of water infiltration. 
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As the horizontal dimensions of the pan exceeded that of all the other 
pipes that had been found I considered it desirable to re-test the conclusions 
arrived at as a result of the work at Boschjeslaagte. 

The Arnot pipe is situated 14 miles (2°5 km.) to the north of the home- 
stead at Banke, at the very shallow southern slope of a west-east directed 


$e 


Sketch-plan of Arnot Pipe. 


valley lying about a mile away which flows into the Henkries valley. The 
main road from Banke to Plat-Bakkies passes right over the pipe. The 
contact can, without exception, be accurately determined to within a few 
feet, as it presents along practically the whole circumference a silicification 
or opalisation of the sediments against which the granite stands out abso- 
lutely uninfluenced. 

It soon became clear to me that the inclination of the stratified sand- 
stones on the eastern edge—‘‘ the most perplexing occurrence of these 
peculiar rocks ” (ef. A. W. Rogers, p. 78)—must have a cause which could 
have been brought about only by changes of the contents of the pipe. 
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In order to expose these interesting relations of the structure and in- 
filling of the pipe, prospecting pits were sunk both at the contact and in 
the centre. 


(2) The Infilling of the Pipe. 


Where the contact has been opened up the granite wall is vertical and 
is encrusted with brown iron ore. The filling of the crater consists of more 
or less silicified sand and rubble in a disturbed condition. 

The shaft that was sunk at the centre had to be abandoned owing to the 
difficulty of preventing the inflow of water at a depth of 107 feet before the 
blue ground was reached. The profile (p. 228) which it passed through is, 
however, of great importance, as it exposed fossiliferous layers that give a 
picture of the geological conditions existing prior to the origin of the surface 
quartzite. 

Furthermore, I may add that the bituminous clays, after being thoroughly 
dried, contained 12-28 per cent. combustible material. , 

A cross-section (p. 229) from the contact towards the centre shows 
the following succession and disturbances :— 

West of this profile along the gentle slope past the main road, the same 
silicified sandstone with a moderate inclination to the north is encountered. 
This was not observed at the eastern and western edges of the pipe. 
There, however, one finds masses of chert that were used by the old 
Bushmen in the manufacture of their implements. 

Along the whole circumference of the pipe—as is also the case at Bosch- 
jeslaagte and Camp—opalisation has occurred. This is also found at the 
contact of melilite-basaltic pipes in the neighbourhood of Koppieskraal 
(about 35 miles to the north of Arnot), when these lie in depressions and 
valleys and are decomposed to great depths. The opalisation has included 
both the sandstones and the clayey material and is also to be found in the 
deep layers of clay. This typical opalisation was not observed in the case 
of the surface sandstones of old valleys and their slopes, even though the 
quartzite is often very glassy. It appears only or chiefly at the contacts 
of kimberlite- or melilite-basalt pipes and also in the clays of kimberlite-pipes, 
and it would appear as if it is closely dependent on solutions derived from 
these basic rocks. Whether it precedes the general silicification, or is 
contemporaneous with it, could not be determined, as special investigations 
could not be carried out without the necessary apparatus. 

The pipes at Horab, lying in the deeply eroded valley of the Papkuils 
and Buffels rivers, still show impregnation with brown iron ore at the contact 
with the granite, but there is no silicification or opalisation. The kimberlite 
lies only a few feet below the surface, the overlying rubble is calcified, this 
being more so directly above the basic eruptive rocks. 


Transactions of the Royal Society of South Africa. 


Profile through Main Shaft at Arnot. 
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If one takes into consideration the fact that the surface of the last 
profile discussed lies on the same level as the upper edge of the 130 m. distant 
shaft-profile, which gives indications of a horizontal stratification, then 
we must conclude that the sandstone cannot possibly underlie the clays. 
The sandstone plates lying isolated in the crumbled, disturbed, and lime- 
impregnated clays; the varying dips which are steeper in those portions 
nearer the centre; the crumbly lime-impregnated clays, which abut 
against the sandstones: all these indicate that the sandstone has fallen into 
the clays, and, furthermore, this occurred at a time younger than the silicifi- 
cation and opalisation, in a time during which the surface limestones were 
formed and when the climatic conditions more nearly approached those 
reigning there to-day. 

The clays and the underlying kieselguhr layers—deposits precipitated 
in stagnant water—are therefore considerably older than the surface- 
sandstone and quartzite. 

These clays have a fossil-content that indicates a wet climate that 
gradually changed to that reigning during the formation of the surface 
quartzite. The kaolinisation of the lowest layers of the valley deposits, and 
also the fossiliferous richly felspathic sandstones at the edge of the crater, 
still indicate a moist climate that became drier during the subsequent 
period of silicification. 

That the clays are older is corroborated by the relations of the deposits 
at Boschjeslaagte. 

Moreover, the sandstones only occur in the higher-lying south-east and 
south edge of the pipe. They lie on the edge of the bay formed by the pipe, 
in the above-mentioned west-east valley, at the same level as similar 
sandstone-deposits on the northern slopes of the valley. They are therefore 
the counterparts of these. Without further evidence it is apparent that 
these sandstones occurring at the edge of the pipe belong to the former 
valley deposits, which, as we have seen above, are mostly silicified at the edges 
of the valleys and have consequently been preserved. The fracture and 
warping of the sandstones at the pipe-edge is due either to the contraction 
of the older clays or to an undercutting by water or wind of the underlying 
clays. 


(3) The Origin of the Clays. 


A few points still await elucidation : from where do the clays originate ? 
why do they lack coarse constituents such as quartz and felspar grains 
and ilmenite ? and why does one again find coarse ilmenite grains in the 
overlying sandstones ¢ 

At Boschjeslaagte the greenish-grey clays lie directly on the blue ground. 
They contain neither quartz, nor felspar. nor ilmenite grains. The over- 
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lying sandstones. on the other hand, are specked with ilmenite. This is 
also the case at Camp, in so far as the sandstones and clays are concerned. 
Similar conditions must therefore have reigned in the case of all these three 
occurrences, 

It is noteworthy that the kimberlite at Boschjeslaagte, and also of the 
occurrences in the vicinity of the junction of the Papkuils and the Buffels 
rivers, contains only inclusions of granite, gneiss, and quartzite. 

As the covering of Dwyka did not lie much higher than the present 
surface one would expect Dwyka sediments and Dwyka pebbles in the 
crater that lies only a few hundred feet under the peneplain. From this 
one must conclude that either the explosion and the up-welling of the 
kimberlite magma was so forceful that the infalling adjacent rocks could 
not sink very deeply into the pipe, or that the eruption occurred at a time 
when the greater part of, or possibly the whole Karroo covering, including 
the Dwyka, had already been denuded. Which of the two assumptions is 
more probable can at present not be decided. It is probable that analysis 
of the clays from Arnot and those lying on the kimberlite at Boschjeslaagte 
may elucidate the problem of their origin. 

In any case, one may assume that during the wet climate the kimberlite 
plug of the pipe was very much swollen and that its material was scattered 
round the neighbourhood of the pipe. Here it wasexposed to decomposition, 
and only the ilmenite, garnets, and zircons were exempt and were concen- 
trated. With the decrease in the rainfall the kimberlitic contents of the 
pipe shrank, and a cauldfon-shaped depression was formed which filled with 
water, and from now on the infilling, with the clayey decomposition— 
material—from the secondary, and probably also from the primary littered 
kimberlite or also of Dwyka, kept pace with the subsidence. Rich 
vegetation on the nearly level plains may have decreased the transporting 
power of the water so that it could not include material coarser than the 
clays. Only rarely does one find quartz, felspar, and ilmenite grains in 
the clay, and they could have been introduced with the roots of plants ; 
in any case they show hardly any rounding off of the angles and sides. 
At and in the cauldron-shaped depressions containing water a luxuriant 
flora and fauna could have evolved, which supposition is proved to be 
correct by the kieselgur and bituminous clays rich in fossil plants and 
animals. 

Later, during the infilling of the valleys, the products of the weathering 
of the subsoil consisting of granite and gneiss, particularly grit and sand— 
and occasionally also Dwyka pebbles and with these the retained ilmenite, 
etc.—could have been carried in, and these have also covered and pro- 
tected the clays in the pipe-depressions. 

In a climate similar to the present one these deposits in the valleys and 
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the covering of the pipes were again eroded and some removed nearly down 
to the old subsoil, others down to the clays. 


VI. Summary. 


These researches on the edge of Bushmanland. carried on primarily 
to obtain diamonds, produced evidence that makes it probable that there 
were morphological conditions on the edge of the plateau immediately 
anterior to the time of the melting Dwyka ice which, after the subsequent 
denudation of the Karroo sediments, were re-established, and that at present 
they still form the major part of the morphological structure of this region. 
Inequalities and old valieys of the old pre-Dwyka peneplain were used by a 
Tertiary drainage system, and this is still recognisable by the remnant of 
deposits covered by surface quartzites. The present drainage system has 
occasionally retained and deepened these valleys running north-south. 
Sediments older than these remnants were included in the evacuated 
kimberlite-pipes. They consist of kieselgur, bituminous, and grey clays. 
The subsequent covering of the pipe with gravel and sand belongs to the 
Tertiary period of terrestrial deposition (surface quartzites and related 
deposits). During a former stage kaolinisation, in a later one surface 
silicification and lateritisation occurred. Remnants of both these stages 
are still well preserved on the edge of Bushmanland. 

From the time of the precipitation of the kieselgur in the pipe—this 
being the oldest as yet determined sediment of the post-kimberlite period— 
a practically complete chain of events up to the present is recognisable, 
and they enable us to form conclusions as to the climatic relations and their 
variations. 

The fossil-content of the pipe-deposits is being studied in detail by 
8. H. Haughton, J. V. L. Rennie, and R. 8. Adamson. 
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Panorama from near Koppieskraal, looking to west, showing dissected country. 


View from Arnot, looking east over Bushmanland Plateau, 
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Deposits partly filling old valley, capped by Pomona-Quartzite. 


Plate 


Valley near Camp. 


Kaolinised grit on granite, near Camp. 
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Stratitied kaolinised grit resting on granite, near Rondevat. 


Opalised sandstone, dipping towards centre of pipe and faulted. Arnot pipe, Banke. 
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ON A COLLECTION OF FOSSIL FROGS FROM 
THE CLAYS AT BANKE. 


By 8S. H. Haventon, D.Se. 


(Published by permission of the Hon. the Minister for Mines and Industries.) 


(With Plates XXIII and XXIV, and ten Text-figures.) 


Thanks to the kindness and enthusiasm of Dr. E. Reuning I have been 
enabled to study a large number of specimens of fossil frogs, which have 
proved to be a most interesting assemblage. 

The fossils were obtained in sinking a shaft to test the nature of the 
so-called “ pipe ” (Arnot) on the farm Banke, on the edge of the Bushman- 
land plateau in Namaqualand. The surface features of this pipe were 
described by Dr. Rogers in the Sixteenth Annual Report of the Geological 
Commission of the Cape of Good Hope for 1911, pp. 78-81, who discussed 
the nature and occurrence of the ilmenite- and opal-bearing clayey fel- 
spathic grit which crops out at various places on the periphery of the slight 
depression (of about 300-350 yards in diameter). At the time of his visit 
shallow pits had been sunk in this peripheral rock in the course of prospecting 
for opal, and the grits were proved to be dipping at angles of from 35° to 45° 
towards the centre of the depression and to be slightly flexed. A shallow 
pit near the centre, about 12 feet deep, showed soft whitish rock with little 
grit lying above “ green fragile mudstone.”’ 

The peripheral opal-bearing rock contained opalised wood, but Dr. 
Rogers was unable to obtain evidence of the genus to which the stems 
belonged. The writer was enabled to collect further specimens in the 
early part of 1930, and a report upon these by Professor Adamson will 
appear in the sequel. 

Some months ago Dr. Reuning, in pursuit of information as to the source 
of some of the Namaqualand diamonds, proceeded to sink a shaft near the 
middle of this depression at Banke. The shaft reached a depth of 107 feet 
without encountering the grit seen at the periphery, and passed for the 
most part through horizontally bedded clays, some carbonaceous but mostly 
greenish-grey in colour, with intercalations of white clayey sandstone. 
These clays, from a depth of 50 feet downwards, yielded Dr. Reuning some 
specimens of fossil frogs, together with a few leaf-impressions and abundant 
scraps of lignitised wood. 
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Preliminary examination of these frogs showed that several forms or 
varieties could be distinguished, connected with each other in what appeared 
to be a linear morphological series, and it became important to discover 
whether any time factor entered into this series or whether the various 
stages were scattered haphazard through the 50 feet or so of clays. Dr. 
Reuning’s specimens were taken from the dump material from the shaft, 
and as the shaft was lined with galvanised iron sheeting and had been 
abandoned because of the inflow of water it was impossible to do any 
collecting in situ. It transpired, however, that it was possible roughly to 
correlate certain dumps with certain depths in the shaft, and, accordingly, 
Dr. Reuning offered to take Dr. L. D. Boonstra to Banke and to arrange for 
him to search the dump systematically. As a result. a large number of 
specimens were brought to Cape Town, arranged in five groups, as follows : 
(1) Carbonaceous layer; (2) clay, depth 65-70 feet ; (3) clay, depth 70-90 
feet ; (4) clay, depth 90-100 feet; (5) clay, depth 100-107 feet. These 
specimens, together with the original collection of Dr. Reuning, form the 
basis of the following observations. 


GENERAL, 


Both the black carbonaceous and the greenish clays contain frog-remains ; 
but whereas in the former the bones are single or in disarticulated masses, 
in the latter there is a majority of complete skeletons in addition to a 
number of isolated fragments (particularly brain-capsules, coccyges, and 
ilia) and partially disarticulated skeletons. In the greenish clays, too, some 
specimens still retain the impression of the outline of the body. The very 
fragile bones are frequently broken, and are easily lost or destroyed, but 
their impressions are sharp. The flattening of the bodies has produced 
much crushing of the skull and of the shoulder-girdle, so that details of these 
areas are often difficult to unravel, but the examination of all the specimens 
has enabled a very clear outline of most of the features to be obtained. A 
few larval impressions are in the collection. 

All the specimens are small, the combined length of head and body 
ranging between 22 mm. and 30 mm. Their general features are similar, 
so that there can be no doubt that we are dealing with one generic group ; 
but detailed examination shows a surprising amount of variation, par- 
ticularly in the critical region of the sacrum, a variation which will be 
discussed in some detail, as it throws important light upon the process of 
specialisation in that region and in the vertebral column. 
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DETAILED DEscRIPTION. 


(In this description the numbers in brackets refer to numbers tem- 
porarily given to certain specimens. These specimens will ultimately be 
incorporated in the collections of the South African Museum.) 
SkuLL.—The description of the skull and lower jaw is based on the 
study of several specimens, but most of the features of the dorsal region are 
obtained from two very beautiful impressions on specimens 21 and 42. 
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Text-Fic. 1.—Impression of dorsal sur- Text-Fic. 2.—Dorsal view of front of 
face of skull (Specimen No. 21). snout of Specimen No. 6. 


The premazillae (6) are small, pointed anteriorly, not projecting much 
in front of the jaws. Their posterior border in dorsal view is concave, as if 
for the reception of the rounded front of the nasal. 
The mazilla (2, 9, 10, 44) is edentulous and hollow, and ends behind in a 
sharp point which does not reach the plane of the posterior border of the 
sub-orbital opening. 
The nasal (21) is broad, rounded in front, and furnished with lateral 
spurs which form the posterior border of the nares and, with what is pre- 
sumably the lachrymal, make up the bar which separates the nostril from 
the orbit. The bone has a median foramen in No. 21, but this foramen is 
not seen in any other specimen. 
The fronto-parietal bar is long, and the two halves are apparently ; 
separated by a median longitudinal suture (21, 42). In breadth they 
measure from one-third to one-half the width of the skull. Behind the 
orbits they articulate in a long suture with the very large pro-otic which, 
in dorsal view, forms the roofing bone to the large otic capsule, articu- 
lating antero-ventrally with the pterygoid. The fronto-parietal bar was 
apparently depressed longitudinally in the middle, and not convex from 
side to side. 


| 
For 
PS 
PX 

uA fer \N 

YN \ 

4 


236 Transactions of the Royal Society of South Africa. 


The fronto-parietal in No. 2] is separated from the exoccipitals by a 
space that may have accommodated in life a small cartilaginous supra- 
occipital. Lateral to the exoccipital and in part wrapping the outer edge of 
the pro-otic in No. 21 is an expanded surface which has a rounded outer 
and posterior edge, and passes forward as a spur almost to the articular 
end of the lower jaw. Comparison with other specimens (e.g. 42) makes 
it possible that this impression should be interpreted as that of a scapula. 
If it be a skull element, then from its relations to the exoccipital and the 
pro-otic, one would be inclined to look upon it, at least in part, as homologous 
with the opisthotic of Stegocephalia and Reptilia, but no bone in this 


Text-ric. 3.—Ventral view of skull of Specimen No. 14. 


region has as yet been described among the Anura as an opisthotic. If 
part of it were an opisthotic, then the anterior spur—which is in No. 21 
distinct from the main impression—may be the squamosal. 

Of the ventral surface of the skull the details are not so clear. There 
was obviously a large typically Anuran sphenethmoid. The parasphenoid 
(14) is a dagger-shaped bone with expanded lateral articular surfaces to 
the posterior transverse portion; between this bone and what is either a 
portion of the pro-otic or the inner process of the pterygoid is a foramen. 

The pterygoid has a long, proximal, articular surface, and curves upwards 
and forwards towards the end of the maxilla as a curved conical pillar. 
Part of its outer face is in apposition to a well-developed flange on the 
lower jaw. 

Lower Jaw.—This is composed of two bones on each side—a dentary 
in front, which sends back a hollow splint to lie on the outer side of the much 
larger angulo-splenial. The dentary is edentulous. The angulo-splenial 
has an exceedingly well-developed coronoid flange in close apposition to 
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the pterygoid. The articular is not distinguishable as a separate element ; 
the articular surface of the bone is small and rounded. 

SHOULDER-GIRDLE.—The scapular blade is determinable in few specimens 
(43, 44). It is a short, broad blade with a straight distal border whose 
width is about equal to the length of the bone. Both the anterior and 
posterior borders slope upwards 
and backwards, and the blade is 
furnished with a short, posterior, 
distal spur. It is not easy to de- 
termine whether or not this blade 
isaunit. In both 45 and 44 there 
seems to be a line of division de- 
marcating an anterior from a pos- 
terior portion, this line running 
diagonally so that the anterior 
portion is triangular in shape, a : 

s Specimens anc . 

pointed distally, while the posterior 

portion is narrow at the glenoid end and strongly expanded distally. In 
specimen 37 there is preserved an impression of a scapula corresponding 
exactly in shape to that of the posterior portion of the blade in 43 and 
44—a strong point in favour of the probable division of the blade into two 
bones. If such a division actually exists, then the anterior portion must 
be the cleithrum and ‘the other the scapula, and the blade as a whole 
becomes strikingly different from anything seen in the modern Anura and 
reminiscent of the condition found in the Stegocephalia. 

The coracoid is seen in a number of specimens. It is a stout rod of bone, 
expanded at both ends, the median expansion being the more pronounced. 
It passes backwards from the glenoid cavity, its axis making with that of 
its neighbour an obtuse angle. The coracoids of the two sides, in most 
specimens, either meet at their antero-dorsal corners in the middle line or 
slightly overlap ; but in some specimens they are rather widely separated— 
a condition probably due to distortion by crushing. 

The clavicle is a strong, long, arcuate, hollow bone well seen in specimens 
20 and 43. It is strongly curved with a concave anterior border and a 
somewhat expanded distal end, meeting its neighbour in the midline in a 
fairly long suture. Proximally it is slightly expanded, touches the coracoid, 
and meets the broad proximal expansion of the anterior part of the scapular 
blade. 

No ossified sternal elements are seen. In one specimen (43), however, 
there is behind the coracoids in the midline of the body, and touching them 
anteriorly, a transversely oval or semicircular impression which seems to 
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be that of a cartilaginous sternum. 
of epicoracoidal cartilage. 


It may, however, be the impression 


Fore-Lims.—The front limb is considerably shorter than the hind limb. 


The humerus varies in length from 5 mm. (4) to 6-8 mm. (5). 


Text-FIG 5.—Outline drawing of Specimen No. 7 (reversed). 


shaft is slender and, like all the other limb-bones, hollow; the proximal 


The 


end is somewhat dilated and has a moderately developed, short, deltopectoral 


6.—Car- 
pus of Specimen 


crest. The distal end is slightly bent, giving the bone 
a faintly sigmoidal shape, and has a rounded condylar 
surface. 

The radio-ulna is a single bone, slightly shorter than 
the humerus, with a deep socket articulation for the 
humerus and a well-marked olecranon process. The 
distal end is furnished with a median longitudinal groove, 
indicating the former division of the bone into two. The 
bones of the carpus are small and not well seen. In 
specimen No. 11 it seems possible to distinguish the 
following elements: Ulnare, small intermedium, small 
radiale, two large centralia, and four carpalia, of which 


the second is the largest and the first small. These identifications are 
open to some doubt, as the presumed radial half of the radio-ulna is not 
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clearly preserved. The metacarpals are long and slender, the presumed 
second being slightly shorter than the radio-ulna (11). The phalangeal 
formula is probably 2233, although no complete hand is preserved. The 
terminal phalanx in one digit at least (7) is long and pointed, and no 
intercalary bones or cartilages are indicated. 

Pe.vic GirDLE.—This is of the usual shape. The ilium is greatly 
elongated and the walls of the bone are thin. The anterior half of the bone 


Text-FIG. 7.—Outline of Specimen No. 5 (reversed). 


appears to be of the nature of an almost double tube, a thin median longi- 
tudinal wall of bone almost separating a lateral from a mesial half. The 
apparent lateral half may be a strong lateral ridge, displaced owing to post- 
mortem crushing of the specimens. Where the ilium is preserved only as an 
impression, there is a longitudinal ridge indicating the presence in life of a 
ventral or ventro-lateral groove. In front of the acetabulum, which is 
deep, there is an iliac swelling, and behind it is an ischiac swelling. The 
ischium is of the usual Anuran shape. There is no evidence as to the 
nature or extent of the pubis. On the ventral side the ilia meet one 
another in the midline. 
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Hinp-Limp.—Considerably longer than the fore-limb. The femur is 
slender, ranging in length from 9 mm..(1) to 12 mm. (5), equal to or slightly 
longer than the tibio-fibula. The ends of the femur are lightly dilated, and 
the whole bone has a slight sigmoidal curve. The tibio-fibula is likewise 
a slender bone, straight, with slightly expanded ends. The tibiale and 
fibulare are each about two-thirds the length of the femur. They are 
separate bones, widely separated in the middle but touching one another 
at both expanded ends. The distal width of the fibulare is considerably 
greater than that of the tibiale (8 efal.). It is not possible to identify the 
distal elements of the tarsus. The metatarsals are long and slender, the 
metatarsus being as long as the tarsus. In some specimens it is possible 
to distinguish five metatarsals and fragments of five digits, but there is 
no evidence of a prehallux. Only one complete digit is seen (5), but the 
phalanges were obviously long and slender, and the final phalanx was 
pointed. 

VERTEBRAE, SACRUM, AND Rips.—It is in the vertebral column and in 
the sacral articulation with the ilia that most variation in these specimens 
is seen; and detailed examination has shown that among 
them there are five definite morphological stages which 
seem to be linear. These stages will be described in 
order, beginning with the most primitive, and discussion 
of the skeletons with particular reference to these varia- 


tions will follow. 

A Be, Stage A.—This is exemplified by specimen No. 17. 
Hi | / Here the main sacral diapophysis is carried by the front 

| \// portion of the coceyx, and arises from a position slightly 

\ e ( in advance of the midpoint of the ilium. The dia- 

q 2 pophysis is dilated, and laterally passes well forward to 


form a long iliac articulation. Behind this main articula- 
Text-ric. 8.—Ilia tion the coceyx carries three other diapophyses, each of 
and sacrum of 
Specimen No.17. Which seems definitely to play its part in the support of the 
ilium.' The posterior one is slightly dilated laterally; the 
other two are thin tabular processes. The coccyx is rounded in front, and 
the vertebrae are opisthocoelous. In front of the coccyx the ilium extends 
for the length of two and a half vertebrae, and the last three vertebrae 
carry short, curved, anteriorly directed, transverse processes. The total 
number of vertebrae is uncertain as the specimen is incomplete anteriorly, 
but there are two vertebrae directly in advance of the ilium which carry 
long transverse processes, or ribs, and the probability is that, even if the 
atlas be separated from the axis, the total number of presacral vertebrae is 
not greater than seven. 


Stage B.—(Specimens 1, 3, 5, 13.) At this stage the ilium is supported 
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by one diapophysis on each side. This diapophysis is dilated, extends 
well forward laterally and arises from the front end of the coceyx, which 
occupies the same position relative to the ilium as in the preceding stage. 
The posterior diapophyses have disappeared, or are doubtfully represented 
by one or two very short processes from the coccyx. Three posterior 
vertebrae carry short, curved, anteriorly directed 
processes. The presumed fourth presacral (as- 
suming the separate identity of the atlas) has a 
strong outwardly directed diapophysis, or rib, 
which passes beyond and in front of the ilium. 
The maximum number of presacral vertebrae 
present is 7. The vertebrae are opisthocoelous. 

Stage C.—This differs from Stage B in that 
the last presacral rib (6, 7, 22) or diapophysis is 
long, forwardly and outwardly directed, and 
almost touches the ilium in front of the sacral 
diapophysis which arises from the anterior part 
of the coceyx. There are definitely only six rum in Specimen No. 8. 
presacrals (22) carrying transverse processes, and 
it is doubtful whether the atlas can be considered a separate element from 
the axis. 

Stage D.—This stage is seen in one specimen only (23). Here, in addition 
to the functional diapophysis of the anterior part of the coccyx, the vertebra 
directly in front of the coecyx is a true sacral, and carries a dilated sacra] 
diapophysis that articulates with the ilium. Anterior to this the ilium 
stretches forward for the length of one and a half vertebrae. Two 
presacrals only carry short forwardly directed processes, or ribs, so that 
—again assuming the separate identity of the atlas—the number of 
presacrals has been reduced to 6. It is evident, too, that the fourth 
carries a long true rib. 

Stage E.—The final stage is seen in specimen 11. Here the coceyx is 
not fused with the sacral vertebrae, which carries a dilated diapophysis 
whose articulation with the ilium is in advance of the middle of that bone. 
The coceyx has short lateral processes at the anterior end. In front of 
the sacral the ilium extends for a length of one and a half vertebrae, so 
that it is probable that the number of presacral vertebrae is—at a maximum 
—six. 

Another extremely interesting stage is represented in specimen 40. 
Here the dilated sacral diapophysis on one side of the body is carried by 
the front of the coccyx ; on the other side a similarly dilated diapophysis 
supporting the ilium is obviously borne by the last vertebra, and the 
coccyx has no diapophysis except a short process whose lateral end is far 
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separated from the ilium. Thus one side of the pelvis is supported farther 
forward than is the other. Two vertebrae, other than the sacral, lie between 
the ilia, each carrying short anteriorly directed processes; and there are 


\ 
Stage A Sta ge B Sta ge i 


Stage D Anomalous Stage 


Text-FiG. 10.— Diagrammatic sketches to show succession of stages of sacral articulation 
in Eoxenopoides reuningt. 


apparently three preiliac vertebrae, each of which is furnished with a long 
outwardly directed rib or rib-like process. This assymmetrical arrange- 
ment of the sacral attachments is of special interest in that it finds a parallel 


among individual members of the living Ranidae, e.g. Bombinator and 
Azytes (Boulenger). 
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Of the stages enumerated, that called Stage B is by far the most common 
among the individuals comprising the collection, and may be looked upon 
as the typical stage. 

As will be seen from the figures accompanying this description, this 
assemblage of fossils shows—in the characters of the vertebral column and 
sacrum—a linear series of morphological stages resulting in a shifting 
forward of the sacral rib by one vertebra and the consequent reduction by 
one of the number of presacral vertebrae. 


The posterior functional 


diapophyses in Stage A indicate a more primitive condition in which the 
sacral articulation was farther back along the ilium and in the vertebral 
column and in which the coccyx was shorter. 
strengthens the conclusions drawn from the anomalies exhibited by the 
modern genera Pelobates, Pipa, and Bombinator that the whole coccyx is 
the result of the fusion of a number of vertebrae, and that in the early 
Anura the ilium was attached much farther back. 
even at the most advanced stage described here the sacral diapophysis 
does not yet arise opposite the front of the ilium. 


The evidence produced 


It is to be noted that 


If the line of 


development indicated here were continued until an articulation similar to 
that of Xenopus was obtained, the articulation would have to shift forward 
by at least one more vertebra, and the number of presacrals would be 
reduced to five, or to four, according as to whether the atlas remained a sepa- 
rate element or was fused with the axis. 
known among living genera is five, found only in the Aglossal Hymenochirus. 

These various stages seem to bear no relation to the depth within the 
clays from which the specimens come ; that is to say, they do not appear to 
be true palaeontological stages in the evolution of one form from another, 
with the more primitive occurring in an older horizon than the more 
advanced. There seems to be no essential difference bet ween the characters 
of a group of frogs from the lowest clays encountered and those of a group 
from a horizon 50 feet above. 


This is illustrated in the following table, 


Total 


65-70 ft. | 70-90 ft. 90-100 ft. 
| 
| 
Stage A 2 3 A 
Stage B 9 1] 5 
Stage C 4 2 I 
Stage D | ] 
Stage E 


100-107 ft. 


which gives the number of recognisable individuals belonging to each 
stage from each of the four levels in the shaft. 
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The single specimen described as Stage E was one of the first collection 
and came from an unknown depth; that with the assymmetrical sacrum 
was from the 70-90-foot level. In addition, the first collection contained 
a number of individuals, most of which can be placed within Stage B. 
This stage must be recognised, therefore, as the normal one for the species ; 
and the individuals that do not fall within it are abnormal ones, valuable 
as indicative of the tendency to morphological change in the sacral region 
and the direction which that change was to follow. 


Systematic Positron. 


In his paper on * The Phylogeny of the Salientia,” Noble (1922) 
propounded a new classification of the Anura based on the characters 
of the vertebral column, considering that a critical examination of some 
of the characters used before that time, such as the presence or absence 
of maxillary teeth, the form of the sacral diapophyses, the structure of 
the pectoral girdle, and certain features of the skull, showed that these 
were not of primary importance. 

Accepting Noble's division of the Salientia into four suborders, it is 
apparent that these fossils can only be accommodated in his first sub-order, 
the Opisthocoela, characterised by the following: “ Presacral vertebrae 
opisthocoelous ; ribs present at some stage in development.” 

This sub-order is further subdivided into two families, the Pipidae and 
the Discoglossidae, of which the pertinent features are : 

“1. Pipidae.—Sacral vertebra fused with coccyx ; presacral vertebra 
seven to five; opisthocoelous with ribs in early stage of development : 
pectoral girdle arcifero-firmisternal. 

** 2. Discoglossidae.—Sacral vertebra free, with biconvex centrum ; 
presacral vertebra not less than eight ; opisthocoelous, with ribs in adult ; 
pectoral girdle arciferal.” 

Our fossil specimens cannot therefore be true Discoglossids; at the 
same time they cannot be true Pipids, for they show a series of stages—all 
taken to be adult—in which the sacral vertebra is either part of the coccyx 
or is free. Moreover, in other parts of the skull and skeleton there are 
other features which clearly distinguish them from the living Pipids. 

In the skull, the large otic capsules are closely similar to those of 
Xenopus ; but the broad antorbital bar with its retention of a presumed 
lachrymal, the presence of an internasal fenestra, the median longitudinal 
suture separating the fronto-parietals, and the presence of a large latero- 
posterior dorsal bone or bones, probably homologous with the opisthotic, 
are all clearly features indicating a more primitive condition than that 
shown by Xenopus and reminiscent of the similar parts of the skull in the 
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Urodela. On the other hand, the loss of maxillary teeth is a specialisation, 
found in three out of four genera of the Pipidae as well as in other families 
which show a parallel modification. The most striking feature of the 
postcranial skeleton is the position of the coccygeal-sacral or sacral- 
presacral articulation and origin of the sacral diapophysis with respect to the 
ilium. In the Pipidae the sacrum is attached to the ilium at its anterior 
end ; but in these specimens the attachment is either at the midpoint or 
just in front of it, the diapophysis sending a spur forward along the anterior 
half of the inner surface of the ilium. In Stage A, as described above, 
there are subsidiary supports well behind the midpoint of the ilium. This 
is either a primitive condition or a specialised one, or a combination of both. 
A consideration of it must take into account the number of presacral 
vertebrae, which is reduced already beyond the point reached by Xenopus. 
Phylogenetic supposition presumes the rise of the Anura from some pro- 
Salientid descendant of the rhachitomous labyrinthodonts, whose sacral 
attachment was directly above the acetabulum, and to reach the con- 
dition shown by the modern Pipidae an intermediate stage similar to that 
shown by our fossils was possibly necessary. It must be noted, however, 
that the advance from the labyrinthodont condition to the Pipid one involved 
a reduction of the number of presacral vertebrae and the formation and 
progressive elongation of the coccyx. In these fossil forms the reduction 
in the vertebral number has reached a stage surpassed only by Hymeno- 
chirus, and for the sacral diapophyses to arise opposite the anterior end of the 
ilium would involve a still further reduction of the length of the back. It 
must be concluded, therefore, that the condition shown by these fossils is 
due to an excessive elongation of the illum, and that the various stages of 
vertebral change are steps which would ultimately result in the production 
of a highly specialised form with an exceedingly small number of vertebrae, 
if the sacrum were ever to lie opposite the anterior end of the ilium. 

The pectoral girdle, too, if correctly interpreted, clearly distinguishes 
these fossils from the living Xenopus—the only Pipid which the writer has 
had an opportunity of examining. In Xenopus the scapula is a reduced 
phalangiform unit articulating distally with the large ossified cleithrum, 
which has an excavate upper border and is distally divided into two strong 
spurs, one anterior and one posterior. The meeting of the cleithrum and 
clavicle is not of constant occurrence, according to de Villiers. In the 
fossils under consideration, the condition of this part of the girdle is a 
more primitive one, linking up the Xenopid with the earlier Stegocephalian 
stage of development. The cleithrum lies along the anterior edge of the 
distally expanded scapula, and proximally it certainly meets the clavicle, 
lying externally to that bone. (This fact is evidence in support of the view 
that the anterior part of the scapula blade is a true cleithrum.) 
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It can be concluded, therefore, that we have in this assemblage a group 
of forms showing a linear series of morphological changes, a group that 
shows highly specialised characters imposed upon some retained primitive 
features; that, while they have certain points of agreement with the 
modern genera of Pipidae, they cannot be placed in that family as defined. 
It thus becomes necessary to found for the forms a new genus, and I propose 
to name them Eoxenopoides gen. nov., with specific designation EZ. reuningi 
sp. nov., named in honour of Dr. E. Reuning, to whose energy and interest 
we are indebted for this interesting collection. As the type of the species, 
I nominate specimen No. 35, which is one of the most complete and 
which still retains the bones, but a number of other specimens have been 
used in the elucidation of the structural characteristics. These have been 
enumerated in the above description. 


MEASUREMENTS. 


Measurements of a few of the more complete specimens are given, all 
lengths being in millimetres. 


Type 


Specimen. 35. 


Length of head and 
body 
Breadth at back of 
lower jaw. ‘ 
Length of head in 
median line to 
back of lower jaw 
Length of humerus 
Length of radio- 
ulna 
Length of meta- 
carpus ' 
Length of pelvis 
Length of femur . 
Length of tibio- 
fibula 
Length of tarsus 
Length of meta- 
tarsus 


Nos.1.{ 2 | | 4& | 5. 
26 | 25 .. | .. [22 | 30 | 29-30 
9 9 83| .. | 95] 95 | abt. 95 
55 | 55 | 55) .. | 50] 68] 6-0 
| | |. | 55] 60] 50 
| .. | 35] 50] 
13 | 11 | 10 |11-2]10 |15 | 16 
1105 | 9 | 95) 95) 12 | 
s | .. |10 | 88/12 | 
6 | .. | 8 
| 7 | 6 | 8 7:8 
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GEOLOGICAL AGE. 


On this point the evidence is unfortunately almost entirely circum- 
stantial. The modern Pipidae are found in South America (Pipa) and 
Africa (Xenopus, Hymenochirus, and Pseudhymenochirus). This family 
and the Discoglossids are generally looked upon as the most primitive 
of living Salientia, in spite of their many specialisations, and Noble 
has concluded that Pipa may have gained access to South America 
‘in Mesozoic or early Tertiary times.” He suggests a northern centre of 
distribution for the Salientia, and points to the absence of the numerous 
Ranids (save Rana) from the South American fauna as evidence of the 
absence of a land-bridge between the two present homes of the Pipidae. 
The evidence at present available goes to show that the two continents were 
definitely separated by Upper Cretaceous time ; but the peculiarities of the 
frog fauna in the two areas might be taken to show that the Aglossa had 
already invaded the southern lands before the rupture between Africa and 
South America, i.e. before Upper Cretaceous times, and that the remainder 
of the fauna arrived from the north subsequent to that break. This would 
throw the earliest appearance of the Pipidae in the south back into the 
Lower Cretaceous at the latest, in which supposition there is nothing 
inherently improbable. The oldest known frog occurs in the Kimmeridgian. 
of Spain and was referred to the genus Palaeobatrachus by Vidal. Almost 
contemporaneous fragments described as Eobatrachus come from Wyoming. 
Thus the families of modern Salientia were in part defined as early as the 
Jurassic, and the primitive position held by the Pipidae certainly does not 
prevent them from having as great an antiquity. 

It is not suggested, however, that Horenopoides must be placed as far 
back as the Jurassic. Indeed, its degree of specialisation forbids such an 
assumption ; but both its morphological features and the mode of occur- 
rence give rise to a belief that its age must at least be well back in the 
Tertiary. 

Of much of the late Cretaceous and Tertiary history of the plateau area 
of Namaqualand we are still in ignorance. The discovery of bones of the 
Dinosaur Kangnasaurus coetzeei below 112 feet of sand in an infilled valley 
leading to the Henkries River proved that in Upper Cretaceous times there 
was a more varied topography, and that from then onwards there has been 
a progressive infilling of the valleys tributary to the Orange River with the 
production of a uniform plain broken by hills of the “ island-mountain ” 
type. According to Dr. Reuning, the depression at Banke stands near the 
head of a valley which originally ran into the Henkries valley, but whose 
course has now been partly obliterated by sand. The depression itself 
seems to be entirely surrounded by gneiss, and can scarcely, therefore, have 
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been actually a part of the valley system or have been excavated in the 
same manner, or necessarily at the same time, as that system. The settling 
of such a thickness of fine muds with Xenopid skeletons in a comparatively 
small basin—the possibility of such a thickness being due, in Dr. Reuning’s 
opinion, to the gradual subsidence of the upper surface of the rock in the 
pipe-like area—is a phenomenon that demands for its explanation vlei-like 
conditions, with a fairly permanent body of water fed by streams that 
either were of insufficient force to carry larger grains of sand or drained an 
area that was free of such grains. The type of deposit that would be 
expected from the weathering of the surrounding gneisses is a much more 
arenaceous one, and is exemplified by the sediments above the Kangnas 
occurrence and the sandstones of the top of the Banke section ; and such 
a line of reasoning would lead to the conclusion that the clays were derived 
from material that is no longer in evidence in the area, and whose weathered 
products are unknown in the deposits filling the valleys such as that at 
Kangnas. If this conclusion be sound, then it follows that the clays may 
precede in age the Kangnas sands, and that they may be contemporaneous 
with or slightly later than the Upper Cretaceous calcareous deposit which 
contains the bones at that place. 

The fossil record in South Africa gives no assistance in the determination 
of the probable age of these fossil frogs. The only fossil frog hitherto 
recorded from South Africa is Xenopus stromeri from the mammal-bearing 
beds of Bogenfels, South-West Africa. This is supposed to be Lower 
Miocene in age, and was described by Ahl on the basis of skull portions 
(otic capsules) and portions of limbs. It was a very much larger form than 
Eozxenopoides and might well prove not to be a Xenopus, although apparently 
—as far as it is known—a Pipid. The fronto-parietal is single, like that of 
Xenopus, and thus more specialised than that of Eoxenopoides. The 
general impression gained from a comparison of the two is that the latter 
is the older form. If this be correct, then the fossiliferous part of the clays 
at Banke must be at least early Tertiary. 

OTHER VERTEBRATE ReMAINS.—Vertebrate remains, other than the 
adult skeletons of Eoxenopoides, are very scarce in the Banke clays. There 
are several impressions of the larvae of this frog in various stages of limb- 
growth which show few features worthy of description. There are frag- 
ments of the carapace of a small tortoise, and some isolated teeth which 
can most easily be assigned to the Varanidae. In addition, there is one 
specimen, a crushed pelvis and sacrum, of a very small, presumably Ratite, 


bird in which— 


(1) The ilium has a long, anterior, plate-like expansion ; 
(2) The acetabulum is furnished with a very prominent antitrochanter ; 
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(3) The ischium is separated from the ilium ; 

(4) There is a large obturator foramen; and 

(5) The ribs appear to be furnished with uncinate processes which are 
separate from the main body of the rib. 


Further research is necessary before the relationships of this bird can be 
fully established, but none of the vertebrate remains give any exact 
evidence as to the age of the clays. 


EXPLANATION OF PLATES. 
PLaTE 1.—Eoxenopoides reuningi, gen. et sp. nov. 


Photograph of type (specimen No. 35). 


Piate II.—Eoxrenopoides reuningi, gen. et sp. nov. 


Photograph of specimen No. 11, representative of stage E. 
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NOTE ON FOSSIL LEAVES FROM THE BANKE CLAYS. 


By Joun V. L. Rennie, M.A., Ph.D., 
Department of Geology, University of Cape Town. 


(With ten Text-figures.) 


The plant remains associated with the frogs in the Banke clays consist of 
some 70 fragments of dicotyledonous leaves referable to at least 12 species, 
a single fragment of a fern frond, as well as small pieces of wood and an 
unidentifiable fruit. The leaves are for the most part very incomplete, 
though a few specimens are sufficiently well preserved for their outlines and 
venation to be made out. The fragmentary character of the material and 
the almost complete absence of comparable fossil leaves in South Africa 
(not to mention the difficulties attendant upon the satisfactory determina- 
tion of fossil dicotyledonous leaves at the best of times) make it impossible 
to give precise identifications ; figures of some characteristic leaves with 
some suggested comparisons are given here. We know practically nothing 
of the post-Wealden fossil floras of South Africa. Apart from an unde- 
scribed dicotyledonous wood from the Umzamba Beds of Pondoland 
(Upper Cretaceous), the record of leaves of Gonioma kamassi E. Mey. and 
Curtisia faginia Ait. (?) in the Knysna lignites (Upper Tertiary ?), the 
occurrence of wood referred to Eugenia cordata Hochst. in sub-recent 
deposits in Zululand, and the presence of plant remains (probably Phrag- 
mites communis L. and Typha capensis Rohrb.) in the recent quartzites of 
the Cape Flats, there have been no records of the occurrence of fossil 
angiosperms in South Africa. The Banke leaves merely give us a tantalising 
glimpse of a past flora which is certainly of a type distinct from that of the 
modern flora of Little Namaqualand, and which could have flourished only 
when the climate of that region was considerably more humid than it is 
at present. They give little indication of the age of the Banke clays, but 
since at least two of the species appear to be distinct from any living South 
African plant, some antiquity must be assumed. 

The most abundant species is represented by about 20 specimens of a 
strap-shaped serrate leaf, which in the longest individuals attains a length 
of over 7 cms., but which must have been considerably longer when com- 
plete (figs. A to C). The margin is provided with coarse obtuse teeth on 
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each side, 3-5 mm. apart. There is a stout midrib and lateral veins diverg- 
ing at a wide angle. These leaves are best compared with those of Myrica, 
but are larger than those of any South African species and much less coarsely 
serrate than those of the common South African M. conifera Burm. Leaves 
of the same general type occur as far back as the Cretaceous; e.g. E. W. 


ae 


Berry has described comparable leaves from the Upper Cretaceous Ripley 
Formation of Tennessee as various species of Myrica (U.S.G.S., Prof. 
Paper 136, 1925, pp. 40-45). The remaining dicotyledonous leaves are 
not sufficiently well characterised for comparisons to be of any value, but 
their general mesophytic habit is evident (figs. D to I). 

The fern fragment (fig. J) is a portion of either a simple lanceolate frond 
or a lanceolate pinna torn along the midrib. The margin is undulated but 
apparently entire. The veins are very distinct, curved, rather close to- 
gether, simple or dichotomously forked, and leave the midrib at an acute 
angle. The fragment appears to be distinct from any living South African 
fern; such species as Blechnum attenuatum (Sw.) Mett. and the more 
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tropical Nephrolepis biserrata (Sw.) Schott have the veins more distant 
from one another and diverging at wider angles from the midrib, besides 
differing in other details. There are no closely comparable leaves from the 
Uitenhage Series (Lower Cretaceous), the fragments figured by Seward 
(Ann. 8. Afr. Mus., vol. iv. 1903, p. 19, pl. 11, figs. 5, 5a) as Taeniopteris 
cf. arctica (Heer) having the veins more distant and nearly at right angles 
to the midrib. 
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NOTE ON SOME PETRIFIED WOOD FROM 
BANKE, NAMAQUALAND. 


By R. 8. Apamson, 
(With Plate XXV.) 


The material investigated was collected by Dr. 8. H. Haughton, who 
asked me to examine a number of sections that had been cut. 

The material consists of portions of woody stems that have been silicified. 
The specimens consist solely of wood ; the outer parts, bark, have not been 
preserved. They vary in size ; the largest examined is 20 mm. across. As 
this consists of the wood only from one side alone an axis of at least 5 em. 
in diameter is represented. 

The preservation of the portions is not all equally good. In some speci- 
mens only rather vague traces of the cellular structure can be made out. 
In most of them, however, the general structure is quite clear, and in others 
some of the details are recognisable. In none are the minute details well 
shown ; whether this is due to decay before preservation or to subsequent 
alteration is not clear. 


GENERAL STRUCTURE. 


All the specimens are of the same kind of wood. It is that of a 
dicotyledon. It contains fairly numerous vessels of large size, which are 
arranged in radial lines. The vessels are usually well separated from one 
another, though groups of two to four may occur. 

These vessels and the tissue containing them are separated into radial 
segments by numerous rather broad and conspicuous medullary rays. 

The wood is uniform, with no clear differentiation into annual rings. 
Some of the specimens show an appearance of a concentric arrangement, 
but this is probably due to secondary causes. In the larger stems there 
are present concentric compression zones where the tissues have become 
squashed or disorganised. In others the apparent zonation seems the 
result of differences of preservation. While the vessels are often separated 
from one another radially by a considerable interval, there does not seem any 
relation in the distribution of these intervals. They do not even coincide 
on the two sides of a medullary ray. 
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DETAILED STRUCTURE. 


Vessels.—In transverse view the vessels appear circular or somewhat 
elliptical with the long axis in the radial direction. Where the vessels 
occur in groups the adjoining walls are flat in the tangential direction. 

In size the vessels are very uniform ; measurements of the radial diameter 
gave an average of 0°08 mm. with a range of 0-05 to 0-1 mm. These 
figures are for isolated vessels or for the larger ones in the groups. Vessels 
of much smaller size occur at the outer or inner limits of a group. 

The details of the walls of the vessels are not well preserved. In most 
cases no pitting could be made out, but in a few favourable cases there is 
evidence of pits on the longitudinal walls. These pits are small, close 
together, and apparently uniformly distributed. The pits seem to be either 
simple or slightly bordered, but their exact nature is not certain. No 
portion was found in which the pits were visible in surface view. 

The vessels were apparently formed from rather short segments, of which 
the end walls were horizontal or very slightly oblique. While no example 
was seen from which a certain determination could be made, the component 
cells seem to have had open ends or end walls with large perforations. 

Most of the vessels seem filled with material. While much of this is due 
to secondary infiltration and crystallisation, there is evidence of tyloses, 
especially in the older stems. 

Other Cells of the Wood.—The vessels are surrounded by cells which are 
small in transverse section, but much elongated and with pointed ends. 
These cells appear to be thick walled. No pits could be made out on their 
walls. 

Apart from the vessels, all the tissue between the rays seems to be 
composed of cells of this kind. They are arranged in regular radial rows, 
which are much displaced in the region of a vessel. 

Medullary Rays.—The rays are prominent and numerous. They divide 
the wood into rather small radial wedges, as seen in transverse section. 
These rays are from twa to six cells across, and composed of uniform cells 
which are very little elongated radially. 

As seen in a tangential section the rays are numerous and very uniform 
both in size and structure. All are at least three to four cells across at 
the centre. Indepth they vary from as much as 2 mm. to rays of twelve to 
fifteen cells. No extremely large rays are present and no small or uniseriate 
ones. In radial view they are composed of uniform cells, which are more or 
less quadrate in shape. In the centre of the ray the cells are elongated 
slightly in the radial direction, but at the upper or lower limits the cells 
are, if anything, elongated vertically. 

No pits could be made out on any of the ray cells. 
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Primary Wood.—In none of the specimens is the pith or the tissue im- 
mediately around it preserved. In one, however, wood which must be 
very near the primary part is preserved with structure. In this part the 
rays are narrower and the vessels more numerous. The arrangement of 
the vessels is the same as in the older parts. Here the vessels are smaller 
and closer together. No longitudinal section of this part was available. 

Cortex.—Several of the specimens show on the outside of the wood a zone 
of uniform thickness that is differentiated from the surrounding rock. This 
zone strongly suggests the cortex of the stem, but, as it is in all cases entirely 
without cellular structure of any kind, no conclusion can be drawn as to its 
real nature. 

Branching.—Definite branching is not shown by any of the specimens 
seen. In one small portion cut tangentially there is what appears to be a 
portion of a branch trace. This consists of a mass of parenchyma much 
wider than a medullary ray, which causes a considerable displacement of the 
cells of the wood. The actual bundle or bundles of the trace are oblique and 
incomplete, so that their structure cannot be determined. 


CoMPARISONS. 


In the absence of preservation of the details of pitting in the cells of the 
wood any comparison of this material with living plants must be made 
with caution. 

The most striking features of the fossil wood are the numerous wide and 
regularly spaced medullary rays, which are of such uniform dimensions. 
Secondly, the large and rather regularly arranged vessels, which seem to have 
small closely arranged pits. These vessels too are made up of cells which 
are not much elongated. 

Of existing plants, that showing the closest approach in these various 
characters is the genus Ficus. The wood in this genus has this general 
structure, and the details would agree with the indications found in the 
fossil. 

Of the species of the genus, wood of stems of a size comparable with the 
fossil material has been examined in Ficus capensis. This species shows 
a striking similarity in wood structure to the fossil wood as regards the 
major features. There are, however, differences which are quite sufficient 
to separate the fossil specifically. The wood in Ficus capensis has a definite 
concentric zonation due to alternation of bands of cells with thickened 
lignified walls and parenchyma cells. Also some small uniseriate rays 
occur between the larger ones. The rays are all narrower and the vessels 
larger. 

Ficus cordata was also examined. This plant is at present distributed 
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along the west coastal belt, extending through Little and Great Nama- 
qualand, Bushmanland, and at any rate as far as Angola. The plant, 
which may attain the stature of a real tree, grows on or against rocks in 
semi-arid conditions. 

Unfortunately only quite young stems of this plant were available for 
examination. The comparison of a young stem with an old one is always 
doubtful; but if allowances are made in this case there are very close 
similarities indeed. The wood is uniform and not zoned concentrically. 
The medullary rays are all broad and the vessels large and arranged as in 
the fossils. In the young stems of Ficus cordata that were examined the 
number of vessels is greater than in the fossil wood. This is a feature due 
to the age in all probability. In the fossil itself a similar increase was 
noted in the innermost parts. The vessels are of a size strictly comparable. 

Taking all the characters, there seems full justification for the identifica- 
tion of this fossil wood as that of a species of Ficus. In the absence of any 
other parts of the plant the identification of the fossil with any existing 
species is more difficult, but the general similarities in wood structure are 
strongly in favour of regarding this wood as being that of Ficus cordata. 
The present distribution of this species can be taken as a further support to 
the determination. This identification would place the rocks in which 
this fossil material is found at a relatively recent date, either tertiary or 
even post-tertiary. 


DESCRIPTION OF PLATE. 


Fig. 1. Low-power photograph of a transverse section. This shows the general structure 
and the outer zone that may be the cortex. 5. 

Fig. 2. Transverse section of the wood. 35. 

Fig. 3. Longitudinal tangential section of the wood showing the medullary rays. X35. 

Fig. 4. Part of a radial section of the wood showing indications of pits on the walls of the 
vessels. 105, 
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THE LIFE-HISTORY OF LUNULARIA CRUCIATA (L.) DUM., 
WITH SPECIAL REFERENCE TO THE ARCHEGONIOPHORE 
AND SPOROPHYTE.* 


By W. T. Saxton. 


(With Plates XXVI-XXVIII (figs. 7, 15, 16, 21-23, 29-31), and 
twenty-two Text-figures.) 


INTRODUCTION. 


Although Lunularia is one of our commonest Liverworts, yet, as is well 
known, it is very rarely met with in the fruiting condition. In 1908 a small 
patch of fertile plants was found on the side of a gravel path in the Municipal 
Gardens at Cape Town. These included three or four nearly mature male 
plants and several female plants of various ages. They were preserved and 
sectioned, and search was made in the same spot for further material in 
succeeding years, but without success. Some drawings were made of the 
stages obtained, but the results were very incomplete. Sixteen years later 
(1924) the writer was informed by Professor Stiles of a locality near Dart- 
mouth where fertile plants could be obtained, and in August and September 
1925 he very kindly made several collections there which made it possible 
to add considerably to the earlier results. In each case, however, the 
youngest stages of the archegoniophore were persistently absent, and, in 
spite of careful search, no male plants were found in the Dartmouth locality. 
Professor Stiles and the writer examined this locality again in 1926, rather 
late in the summer, but again no male plants could be found and only a few 
old archegoniophores. It was then clear that collections must be made 
earlier in the season to complete the investigation and, through the kind 
co-operation of Dr. Bidder, two collections were made in July 1927 by Mrs, 
and Miss Campbell of Dartmouth, to whom the writer is much indebted. 
These collections enabled most of the gaps left in the life-history to be 
filled, though the earliest stages are still missing and no male plants were 
found. After fixing as many early stages as possible from this 1927 material, 
the remainder was planted, and developed mature archegoniophores and 
sporophytes in a week or two. Mrs. and Miss Campbell again very kindly 
forwarded material in 1928, but this time no archegoniophores developed, 
* A short abstract of this work was published in 1928 (Saxton, 16). 
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probably owing to the preceding dry weather. As the drought during the 
summer of 1929 was still more pronounced it did not seem worth while to 
make another attempt then. 

The earliest stages of the archegoniophore of Lunularia were described 
by Leitgeb (11), but apparently nothing is known of the development of 
the sporophyte. The mature archegoniophore, with its sporophytes, has 
been collected frequently and specimens may be found in various herbaria. 
It is accurately figured by Macvicar (12). It is interesting to note that the 
only English specimens of fruiting Lunularia in the cryptogamic herbarium 
of the British Museum (Natural History) were collected in 1835 in the spot 
where Paddington Station now stands. The male plants are not so well 
known, but closely resemble those of Fegatella and Fimbriaria and other 
allied genera (Cavers, 3and 4). The genus is usually placed close to Dumor- 
tiera (Cavers, 4; Macvicar, 12), but the development of the sporophyte in 
this genus follows that of Marchantia very closely (Campbell, 2 ; Durand, 8, 
etc.), whereas this is not the case with Lunularia, which, as will be shown, 
differs decidedly from all other investigated Marchantiaceae. The arche- 
goniophore is probably the simplest of all typical Marchantiaceae. 

There are other interesting questions in connection with Lunularia, but 
few opportunities have occurred of attempting to answer them, and no 
success has attended such attempts as have been made. It may neverthe- 
less be relevant to mention some of these problems : 


1. Why are male plants so seldom found ? 

2. Why are fertile plants only met with in certain localities—very few 
and very restricted—while the sterile Lunularia is abundant every- 
where and its distribution world-wide ? 

3. Why is it that the gemmae of Marchantia and Lunularia are so 
strikingly alike both in development and mature structure, when 
on other grounds these two genera show no indication of close 
affinity within the family? It is probable that no other genus 
possesses similar gemmae. 


DESCRIPTION. 


The antheridiophore has the structure common to several Marchan- 
tiaceae. It consists of a slightly raised area, roughly circular in outline, 
and extending about two millimetres from the apex. A nearly median 
longitudinal section is shown in fig. 1. Fig. 2 is a drawing of a mature 
antheridium, and fig. 3 of a very young one, with the surrounding tissue. 
The structure and development are completely normal. 

Fig. 4 is a diagram, generalised from several sections of similar stages, 
and shows the form of a very young archegoniophore, as seen in median 
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1.—Median longitudinal section of the apex of a male plant, showing the slightly 
raised antheridiophore. 50. March 12, 1908. 

. 2.—Mature antheridium from fig. 1. x 200. 

. 3.—Very young antheridium from fig. 1. 720. 
4,—Diagrammatic illustration of a median longitudinal section through a very 
young archegoniophore. x45. July 2, 1927. 

. 5.—Somewhat later stage. 200. April 1, 1908. 

. 6.—Archegonium from a stage similar to the preceding. 
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x 600. June 22, 1927. 
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longitudinal section. It arises at the base of a notch, marking the position 
of an apical cell, as determined by Leitgeb (11) in 1881, and the notch is to 
the left of fig. 4. 

Considerable numbers of amphigastria can be seen arising from the base 
of the archegoniophore and enclosing it (only fragments shown in the 
diagram), and two of the four groups of archegonia arising from the top of 
the undifferentiated archegoniophore. 

Rapid growth of the tissue at the apex of the archegoniophore results in 
the structure shown in longitudinal! section in fig. 5. One of the archegonia 
(almost certainly an abortive one) is illustrated in fig. 6. 

Following this stage a two-lipped tube grows downwards and slightly 
outwards round each of the four groups of archegonia, giving the structure 
shown in fig. 7, which is a median longitudinal section of an archegoniophore, 
including two young sporophytes and surrounded by the numerous amphi- 
gastria. All early stages of the sporophyte may be found in an arche- 
goniophore of about this age. It is noteworthy that the inner lip overlaps 


‘the outer, this probably facilitating fertilization. The archesporium is 


clearly seen in both sporophytes. 

Figs. 8-14 show early stages of the sporophyte. The first division wall 
is transverse, as shown in fig. 8. Tangential divisions may also be noted in 
the venter of the archegonium. 

The two succeeding divisions have not been seen, but the arrangement 
of the walls in the 16-celled embryo, shown in longitudinal section in fig. 9, 
makes it very probable that both those divisions are longitudinal, giving an 
octantstage such as is commonly formed in many Marchantiaceae (Cavers, 4 ; 
Durand, 8; Leitgeb, 11; Meyer, 13). In some cases, however, a row of 
four cells is formed before longitudinal walls appear, as in Reboulia (Dupler, 
7), Plagiochasma (Meyer, 14) and Fegatella (Meyer, 15). In both Reboulia 
and Fegatella other accounts (Cavers, 3; Haupt, 9) make it probable that 
either a quadrant or a row of four may occur in both these genera, and a 
recent account of the embryogeny of Sauteria, Peltolepis, and Clevea (Berg- 
dolt, 1) shows that there is a good deal of variation in the early divisions 
in these genera also, though regular quadrant and octant stages seem to 
be the rule. In any event, the stages seen in Lunularia up to the 16-celled 
embryo of fig. 9 clearly differ in no essential respect from those usual in 
other forms. Those which follow differ considerably from anything hitherto 
described for any Marchantiales. 

The basal half of the embryo forms as usual the foot and seta, the 
divisions being rather irregular, while the apical half forms the capsule, in 
which the divisions are exceedingly regular and constant. Each of the 
eight cells in this half divides by periclinal walls, giving (as shown in fig. 10) 
eight wall cells, four sterile cells (apical), and four cells forming the arche- 
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x 325, 


12 x 360. All June 22, 1927. 


Fies. 9-12.—Successively older stages of the sporophyte. 9 and 10 «600, 11 


Fic. 8.—Two-celled sporophyte. 600. June 22, 1927. 
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sporium. From the basal end of each of the latter a sterile cell is cut off, 
forming the inner part of the capsule wall, the sporogenous cells then 
dividing by longitudinal walls (fig. 11). This is the stage of the sporophyte 
seen in fig. 7. The encrmous growth in thickness of the venter of the 
archegonium between the stages of figs. 10 and 11 is remarkable. 

For some time the four sterile cells at the apex remain undivided, while 
the sporogenous cells divide only by longitudinal walls (figs. 12 and 14). 
Fig. 13 is an outline sketch, showing the position of the embryos, illustrated 
in figs. 10 and 14. The peculiarity in the arrangement of the cells on the 
right of fig. 14 is one occasionally seen in this and later stages ; usually the 
cells are all more or less parallel. 

The only other Liverwort which is known to have sporogenous cells 
arranged in approximately this manner is Frullania (Cavers, 5), one of the 
higher acrogynous Jungermanniales. No member of the Marchantiaceae 
is known to approach it, though a published figure of Marchantia (Cribbs, 6, 
fig. 7) bears a superficial resemblance to fig. 14 of this paper, as pointed out 
to the writer by Mr. 8. Garside. 

Stages immediately following that shown in fig. 14 have not been 
secured, but comparison with fig. 15 makes it very probable indeed that 
some of these longitudinally arranged cells become at once the elaters, and 
that each of the remainder divides up into a double row of about forty cells, 
which are the spore mother-cells. Fig. 16 is from a photograph, showing 
part of a similar section, in which the arrangement of spore mother-cells 
and elaters can be more clearly seen. In Marchantia it was shown by 
Durand (8) that at a similar stage some sporogenous cells gave rise to 
elaters and others to single or double rows of (generally) eight or sixteen 
spore mother-cells. No tendency to the formation of a columella, such as 
is sometimes formed in Marchantia (Cribbs, 6; Land, 10), has been met 
with in Lunularia. Four spore mother-cells are shown, slightly more 
developed, in fig. 17. They now increase rapidly in size (compare figs. 17 - 
20, all drawn to the same scale), and the reduction division takes place 
practically simultaneously in every spore mother-cell in a capsule. Four 
such dividing cells, with an adjoining elater, are shown in fig. 18, while a 
similar division is seen in the equatorial plane in fig. 19. It was not possible 
to determine accurately the reduced number of chromosomes, but the 
number is certainly quite small, probably not more than six nor less than 
three (cf. Meyer, 15, figs. 30 and 31). It is a noticeable feature that no 
trace of lobing of the mother-cell (so conspicuous in Pellia and Pallovicinia) 
is seen in figs. 18 and 19. The fully formed tetrads were seen in several 
cases. Fig. 20 is drawn from one capsule, and the microphoto of fig. 21 
taken from another. The elater nuclei can still be distinguished at this 
time, but traces of the spiral thickening are also becoming apparent. 
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Fic. 13.—Outline sketch to show position of embryos illustrated in figs. 10 and 14. 150. 

Fic. 14.—Older stage than 12. The sporogenous cells on the right show a somewhat unusual 
arrangement. 360. June 22, 1927. 

Fies. 17-20.—Stages from the mother-cell to the fully formed tetrad. All 1200. 
September 19, 1925. 

Fig. 24.—Details of mature spores and elaters. 875. September 28, 1925. 
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Following spore formation, rapid growth of the archegoniophore takes 
place, the details of the upper part being shown in the photograph (fig. 22), 
showing that the sporophyte has now broken through the archegonium 


W. 7. S. ct M. del. 

Fies. 25 and 26.—Diagrammatic outline drawings to show relative dimensions at the 
spore mother-cell stage and when the archegoniophore is fully elongated. 25 x16. 
September 19, 1925. 26 x8. September 28, 1925. 

Fics. 27 and 28.—Sketches of plants with sporophytes in about the stages of figs. 26 and 
29 respectively. Both x5, and drawn by Miss Maud Hough. July 1927. 


wall. Usually only one sporophyte develops out of each of the four groups 
of archegonia, but sometimes two grow side by side in a common envelope, 
as shown in fig. 23, which illustrates a tangential longitudinal section of an 
archegoniophore. 
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Details of spores and elaters are shown in fig. 24. The structure of both 
is quite normal. 

Figs. 25 and 26 (the latter drawn to half the scale of the former) show 
the relative dimensions of the archegoniophore in the spore mother-cell 
stage and when fully elongated. Fig. 27 shows a sketch of a whole plant 
at about the stage of fig. 26, and fig. 28 is a sketch of another plant after 
the final changes which precede spore discharge. Both these sketches were 
kindly made for this paper by Miss Maud Hough. Twin sporophytes can 
be seen on the left of fig. 28. The final changes just mentioned include a 
rapid elongation of the seta, followed by the collapse of a large group of 
cells at the summit of the archegoniophore, both of which points are well 
shown in the microphoto reproduced in fig. 29. This collapse of cells seems 
to be the immediate cause of bringing the sporophytes into an almost 
horizontal position. The last feature is well shown also in fig. 30, a 
photograph of a group of plants with archegoniophores, and fig. 31, which 
includes three plants of the preceding figure on a larger scale. In the left- 
hand archegoniophore of this group the front sporophyte is still unbroken, 
but the other three have dehisced. In the central plant all four sporophytes 
are intact and have only just begun to spread. The third is much younger. 

The series of stages obtained is not a very close one, and publication 
has been repeatedly postponed in the hope of filling more of the gaps, but 
the results already elucidated seem of sufficient interest and importance to 
be put on record without further delay. 


LITERATURE CITED. 


(1) Berepott, E., “‘ Untersuchungen iiber Marchantiaceen.” Goebel’s Bot. Abh., Heft 
10, pp. 1-86, 1926. 

(2) CampBELL, D. H., “‘ Studies on some East Indian Hepaticae. Dumortiera,” Ann. 
Bot., 82, 319-338, 1918." 

(3) Cavers, F., ‘‘On the Structure and Biology of Fegatella conica.” Ann. Bot., 18, 

87-120, 1903. 

(4) Cavers, F., “The Inter-Relationships of the Bryophyta. II. Marchantiales. 
Marchantiaceae.”” New Phytol., 9, 157-186, 1910. 

(5) Cavers, F., Ibid. IV. “‘ Acrogynous Jungermanniales.”” New Phytol., 9, 269-304, 
1910. 
(Full citations of the earlier literature will be found in the last two papers.) 

(6) Crisss, J. E., ‘“‘ A Columella in Marchantia polymorpha.” Bot. Gaz., 65, 91-96, 1918. 

(7) Durter, A., “ Early Embryogeny of Reboulia hemispherica.” Bot. Gaz., 74, 143-157, 
1922. 

(8) Duranp, E. J., ‘“‘ The Development of the Sexual Organs and Sporogonium of Mar- 
chantia polymorpha.” Bull. Torrey Bot. Cl., 35, 321-335, 1908. 

(9) Haupt, A., ‘“‘ Embryogeny and Sporogenesis in Reboulia hemispherica.” Bot. Gaz., 

71, 446-453, 1921. 
10) Lanp, W. J. G., Review of Durand (8) in Bot. Gaz., 48, 77, 1909. 
11) Lerress, H., “ Untersuchungen iiber die Lebermoose.” Heft 6, Graz., 1881. 


7 


268 Transactions of the Royal Society of South Africa. 


(12) Macvicar, S. M., “ The Student’s Handbook of British Hepatic.” Eastbourne, 
1912. 

(13) Meyer, K., “‘ Untersuchungen iiber den Sporophyt der Lebermoose. I. Entwick- 
lungsgeschichte des Sporogon der Corsinia marchantioides.” Bull. Soc. Nat. Moscou, 
25 (N.S.), 263-286, 1911. 

(14) Meyer, K., Jbid. Il. “‘ Die Entwicklungsgeschichte des Sporogons bei Plagio- 
chasma.” Jbid., 27 (N.S.), 597-615, 1913. 

(15) Meyer, K., Ibid. IV. ‘“ Die Entwicklung des Sporogons bei Fegatella conica.” 
Planta, 8, 36-54, 1929. 

(16) Saxton, W. T., “ The Life-History of Lunularia cruciata.” Proc. Linn. Soc., 140th 
Session, p. 20, 1928. 


Tra 


Fic. 


oi 

} | 

te 


Trans. Roy. Soc. 8. Afr., Vol. XIX. Plate XXVI. 


Fic. 7.—Microphoto of a longitudinal section of an archegoniophore Pic. 15.— Longitudinal section of a consider- 
somewhat older than Fig. 5, showing numerous amphigastria ably older sporophyte in the spore mother- 
and two young sporophytes. 36. June 22, 1927. cell stage. 80. September 19, 1925. 


Fic. 16.—Part of a sporophyte similar to Fic. 21.—Microphoto of the same stage 
the preceding. «425, September 4, as Fig. 20, +300, September 28, 
1925. 1925, 
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Fig. 22.—Part of a longitudinal section of Fic. 23.—Tangential section through 
archegoniophore and sporophytes after twin sporophytes of similar age 
elongation of the stalk. 24. Sep- to the last. 30. September 28, 
tember 28, 1925. 1925. 


Fig. 29.--Longitudinal section of two sporophytes after the final clongation 
of the seta, > 28. September 28, 1925. 
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Photographs of a group of growing plants, 


x3. July 1927. x4. July 1927. 


Neill & Co., Ld, 


Fic. 30, Fic. 31. 
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THE FLORA OF THE WHITEHILL DISTRICT. 
By R. H. Compton, M.A., F.R.S.S.Af., 


Harold Pearson Professor of Botany in the University of Cape Town, 
Director of the National Botanic Gardens of South Africa. 


INTRODUCTION. 


In the following pages I present the systematic results of an investigation of the flora of a small area immediately 
surrounding and including the Karoo Garden at Whitehill. 

Since the establishment of the Karoo Garden in 1921 I have paid numerous visits to the district, and have taken 
any opportunities that offered to make as complete a collection of the flora as possible. The area covered is somewhat 
indefinite, but can be considered as lying within easy walking distance of Whitehill and Matjesfontein railway stations : 
say from Bantams on the west to Baviaans on the east, and from the summit of Ngaap Kop on the north to the crest 
of the Witteberg range on the south; the total area covered being about 40 square miles. 

Within this area two main topographical formations occur. Firstly, the Karoo, an undulating area of Dwyka and 
Ecca rocks, of a general altitude of about 3000 ft., rising to 4000 ft. in the prominent Ecca summit of Ngaap Kop, a con- 
spicuous landmark for many miles. Other minor elevations occur, such as the long outcrop of Dwyka conglomerate 
which I call Whitehill Ridge, lying parallel with the railway to the north of Whitehill station. The Baviaans River, 
dry except for a few pools for the greater part of the year, flows through the area, and is fed by numerous tributaries 
flowing from the Witteberg range. The Karoo area is generally rocky, and in some parts is thickly strewn with stones : 
the soil is generally shallow, but areas of deeper soil occur. Most of the rocks are hard conglomerate or shales, but local 
outcrops of massive quartzite occur frequently. The vegetation of the Karoo area varies greatly according to cireum- 
stances, such as nature of the rock, depth of soil, alkalinity, north or south aspect, etc., and no attempt will be made in 
this paper to analyse it from the ecological point of view. This has been done in outline in ‘“‘ The Vegetation of the 
South Western Cape Province ” (Specialty Press, Cape Town, 1929), and a more detailed study is in preparation. 

In the second place, the Witteberg range of mountains provides a sharply contrasting formation. This range is a 
prominent feature to the south of the railway line, and is separated therefrom by about three miles of karoo. The 
range rises to a height of 4500-5000 ft., the highest and most rugged part being opposite Whitehill. The rock is 
Witteberg quartzite, so named from this range of mountains, a hard, fine-grained rock which weathers to a poor silicious 
soil. The Witteberg forms exceedingly rough country, the slopes being steep and thickly strewn with angular rock 
fragments, so that walking is arduous. The range is intersected by prominent kloofs, at the foot of some of which 
water lies permanently : apart from these pools, however, the mountains are completely dry, no springs or swamps 
occurring. The vegetation on the Witteberg is almost totally distinct from that of the Karoo, there being only two or 
three species in common. It is of the “‘ Cape” type, Proteaceae, Ericaceae, and Restionaceae being abundant, whereas 
on the Karoo they are totally absent. An asterisk before a plant-name in the following list indicates that the species 
is a member of the Witteberg flora as distinct from the Karoo flora. (Some stream-side and river-bed species and two or 
three others may occur also in the Karoo area. Transition-zone species are also marked with an asterisk.) 

The rainfall in the area is very scanty. Exact records have only been taken for a few years at Whitehill, but 
apparently the average annual rainfall is about 5 inches, of which almost the whole falls in the winter. It is probable 
that the rainfall in the Witteberg is slightly heavier, but no records are available. At Matjesfontein the average is 
about 6inches. During the years 1923-1929, in which the collections were made, severe drought conditions prevailed, 
and it was only in 1929 that a normal rainfall was experienced. 

Owing to the drought years, the collection of the flora has been a matter of extraordinary difficulty. Many 
species have failed to flower. Bulbous plants have not even produced leaves, and in the case of annuals germination 
has simply not occurred. Numerous species appeared in 1929 which I had not previously seen. 

' The considerable amount of grazing in the district also handicaps collecting: but the enclosure of the Karoo 
Garden area (about 40 acres) has overcome this difficulty locally, and many species flower freely within the fence which 
are unable to do so outside. 

On the Witteberg drought has also prevailed and prevented or reduced flowering. Moreover, the frequent occur- 
rence of deliberately kindled bush fires.on these mountains is destructive of the vegetation and a severe obstacle to 
collecting. In the course of my visits to the district I have climbed to the summit of the range fifteen times, and have 
on several occasions only had a dozen or so flowering specimens to show for it. 

The greater part of the work of determination of the specimens collected has been done by myself. I am convinced 
of the extreme desirability of the herbarium worker being also the collector. In certain groups I have been fortunate 
in having the assistance of specialists. Mrs. L. Bolus is responsible for the Mesembryeae and Mr. N. S. Pillans for the 
Restionaceae and Rhamnaceae. I have also to acknowledge help from Dr. A. W. Hill, Mr. J. Hutchinson, Mr. N. E. 
Brown, Miss P. E. Barnes, and Miss W. F. Barker. Professor R. S. Adamson has allowed me to use a number of plants 
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collected in 1925. Finally, I wish to thank Mr. J. Archer, Curator of the Karoo Garden, Whitehill, for most valuable 
assistance, especially in connexion with the rich succulent flora. 

I have received every facility from the Curator and staff of the Bolus Herbarium (University of Cape Town), 
Kirstenbosch, where most of the systematic work was done. In addition, I have been permitted to investigate critical 
points at the Herbarium of the Royal Botanic Gardens, Kew, at the British Museum Herbarium, South Kensington, 
and at the Herbarium of the South African Museum, Cape Town. 

The present account of the flora includes over 700 species of flowering plants and ferns, but cannot pretend to 
completeness ; even in its imperfect state, however, it will give an indication of the wealth of material occurring in a 
relatively small piece of country, and of the number of new species and genera which result from the intensive study of 
a limited area in different seasons over several years. In addition to the description of 4 new genera and 52 new species 
of flowering plants (not including several described by other authors from Whitehill material), it has been possible to 
throw light on numerous little known or imperfectly understood species, and to extend the geographical range of many 
others. It may perhaps be suggested that, at the present day, real progress in the knowledge of the South African 
flora will result from the intensive study of small districts rather than by sporadic journeys over a larger field. 

The dried specimens designated by collection numbers have been presented to the Bolus Herbarium, which has 
undertaken the distribution of duplicates as available. In many cases, especially with succulents, the actual specimens 
studied are in cultivation in the Karoo Garden, and these are indicated by WL. numbers. 

In addition to ordinary abbreviations, the symbols Whl. and Mfn. are used to indicate the Whitehill and Matjes- 
fontein sections of the Witteberg range respectively. 

The arrangement of the families follows the Engler system: within the different families (or sub-families) the 
genera and species are arranged alphabetically. An index to the families and genera is appended. 

Authorities for the species are given throughout: in the case of species published later than 1925 (the final date of 
the most recent part of the Index Kewensis) references are given to the source of the specific names. 


PTERIDOPHYTA, 


FILICALES. 


*Adiantum capillus-veneris L. 
2529. Witteberg, wet rocks in kloof, 3000 ft. 11 Aug. 1924. 


*Blechnum punctulatum Sw. (?). 
3272. Witteberg (Whl.), on wet rocks, with Adiantum capillus-veneris, 3000 ft. 11 Aug. 1924. 
A puzzling plant which appears very distinct from most forms of B. punctulatum. The sterile frond resem! les 
B. australe, but the pinnae are very obtuse ; the fertile pinnae are completely hidden by a dense mass of sporangia. 
The rachis is pale straw-coloured and bears a fine glandular pubescence which is scarcely present on the pinnae. 
Possibly a new species, but needs cultivation and study. 


*Ceterach cordatum Desv. 
2600. Witteberg, moist rock-crevices in kloof, 3000 ft. 23 June 1924, 


Cheilanthes depauperata Bkr. 
2532. Witteberg, 3000 ft. 11 Aug. 1924. 


A good match of Bolus 9211 (Touws River Station), attested by Baker. Also matches Macowan 2001 (Wupper- 
thal) ; Schlechter 8704 (Hoeck) ; and a specimen of Barkly’s in Herb. Kew. from ‘* borders of the Karoo.” 


*C. induta Kze. 

2807. Witteberg, among shady rocks in kloof, 3000 ft. 30 Nov. 1924. 

3317. Foot of Witteberg, 3200 ft. 14 Oct. 1928. 

A good match of Drege’s plants a and } in Herb. Kew. and of Pearson 3223 (Leeuwfontein), 5828 (Kradouw 
Kranz), and 6374 (Khamiesberg). Hitherto mainly known as a Namaqualand species. 


parviloba Sw. 


2960. Witteberg (Whl.), rock-crevices in kloof, 3000 ft. 19 April 1925. 


Pellaea andromedaefolia Fée. 

2961. Foothills of Witteberg, among rocks, sduth aspect, 3000 ft. 19 April 1925. 

3116. Whitehill Ridge, south aspect, 3000 [t. 26 Sept. 1926. 

I carefully examined the material at the Kew Herbarium with the aid of Mr. N. E. Brown and Mr. C. H. Wright, 
and we were unable to find any difference between my 2961 and the Californian plants. A very similar species from 
Chili, P. myrtillifolia, diflers in having much longer spreading ramenta on the rhizome, the South African plant agreeing 
with the North American P. andromedaefolia in this respect. Hooker and Baker (Syn. Fil.) give “‘ Cape Colony ” as 
a locality ; Sim admits the species to the South African flora with hesitation ; Kuhn and Christensen exclude it. At 
Kew, however, there are three South African gatherings, viz. (1) Drege, Afr. austr., Herb. Hooker; (2) Drege, Cape, 
Herb. Hooker (another sheet); (3) a slightly doubtful plant marked in Baker’s handwriting ‘* Fern brought by Mr. 
Dickson from Groote Fontein, Karoo. Lady Barkly recd. 5/75.’ Drege’s plants are said to have come from “ dry 
localities at Kendo.” I have myself seen the plant growing at Koup (the modern name for Dickson’s Groote Fontein), 
and also on the southern slopes of Ngaap Kop. In the Herb. Bolus 16477 is a specimen of the same fern collected by 
N. S. Pillans in clefts of ghale banks facing south-east on a hill at Klipbank, Beaufort West Div., May 1920. Marloth 
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(Das Kapland, p. 276) gives a figure of it as a * xerophytic fern of the Karoo.” The existence in South Africa of a fern 
indistinguishable from the P. andromedaefolia of California can no longer be doubted. 


*P, auriculata Fée. 
3271. Witteberg, 3000 ft. (Date lost.) 


P, lancifolia Bkr. 
2533. Witteberg (Whl.), 3000 ft. Also abundant on Whitehill Ridge. 
An excellent match.of Schlechter 8205 (Kareebergen, 2000 ft.), quoted by Sim. The texture of the frond is 
remarkably thin and herbaceous ; the fronds are bipinnate and the indusium is very broad. A link with the flora of 
Namaqualand. 


OPHIOGLOSSALES. 
Ophioglossum capense Sw. 

3511. Whitehill Ridge, north slope, in dry soil pockets. 3200 ft. 12 Aug. 1929. 

An interesting discovery for this district, where it appears to be very scarce. Only one patch of about twenty 
plants was seen. 


ANGIOSPERMAE. 
MONOCOTYLEDONES. 


APONOGETONACEAE, 


*Aponogeton angustifolium Ait. 
Permanent pools at the foot of kloofs in the Witteberg, 3000 ft., occasional. 


GRAMINEAE. 
Agrostis verticillata Vill. 
3217. Moist places in bed of Baviaans River, Whitehill, 2700 ft. 24 Jan. 1927. 


*Andropogon Nardus var. emarginatus Hack. 
2977. Witteberg (Whl.), in kloof, 3000-4000 ft. 21 May 1925. 


Aristida obtusa Del. 
3140. Ngaap Kop, north slope, 4000 ft. 27 Sept. 1926. 


A, vestita Thbg. 
2881. Karoo Garden, Whitehill. . 6 Aug. 1923. 
2928. a 1 Nov. 1924. 


*Arundo Phragmites L. 
Occasional by stream beds in the Witteberg, 3000 ft. 


” 


*Brizopyrum obliterum var. erectum Stapf. 
3579. Witteberg, 3500 ft. 12 Oct. 1929. 


Bromus patulus Mert and Koch. 
3543. Karoo Garden, Whitehill. 13 Oct. 1929. 
3582. Matjesfontein Karoo, 3000 ft. 12 Oct. 1929. 


Danthonia purpurea Beauv. 
2930. Karoo Garden, Whitehill. 1 Nov. 1924. 


*D. stricta Schrad. 
2659. Witteberg, among rocks, 3500 ft. 31 Oct. 1924, 
3290. Witteberg. 14 Oct. 1928. 


D, tenella Nees. 
2882. Karoo Garden, Whitehill. 6 Aug. 1923. 
3136. 29 Sept. 1926. 
A small annual grass, closely related to the perennial D. purpurea Beauvy., with which it grows in association. 


*Ehrharta calycina Sm. 
2688. Witteberg, among rocks, 3500 ft. 31 Oct. 1924, 
3281. Witteberg. 14 Oct. 1928. 
3552. Foot of Witteberg, 3500 ft. 12 Oct. 1929. 

E. calycina var. versicolor Stapf. 
2883. Karoo Garden, Whitehill. 6 Aug, 1923. 

E. delicatula Stapf. 
3251. Bed of River Baviaans, Whitehill, 2700 ft. 8 Aug. 1927. 
3506. Whitehill Ridge, south slope, 3000 ft. 12 Aug. 1929. 
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Eragrostis curvula Nees. 
2929. Karoo Garden, Whitehill. 1 Nov. 1924. * 


Fingerhuthia africana Lehm. 
2927. Karoo Garden, Whitehill. 1 Nov. 1924. 


Lasiochloa ciliaris Kth. 
3135. Karoo Garden, Whitehill. 29 Sept. 1926. 


* Pentameris speciosa Stapf. 
3321. Witteberg, 3500 ft. 14 Oct. 1928, 


Pentaschistis airoides Stapf. 
3141. Karoo Garden, Whitehill. 29 Sept. 1926. 


eriostoma Staph. 
3277. Witteberg, 3500 ft. 14 Oct. 1927. 
3336. (Mfn.), 4000 ft. 14 Oct. 1928, 
Poa vivipara Willd. 
3243. Banks of Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927. (Copiously viviparous.) 


Polypogon monspeliensis Desf. 
3214. Moist places in the bed of the Baviaans River, Whitehill, 2700 ft. 24 Jan. 1927. 


P. tenuis Brongn. 
3213. Bed of Baviaans River, Whitehill, in moist shady places. 24 Jan. 1927. 


Schismus fasciculatus Beauv. 
3238. Bed of Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927. 


CYPERACEAE. 
Cyperus longus L. 
3215. Moist places in bed of Baviaans River, Whitehill, 2700 ft. 24 Jan. 1927. 
A small form of this species, six inches or less in height. Matches Pearson 4857 (Loeriesfontein), sc determined 
by W. B. Turrill. 


*Ficinia bracteata Boeck. 
2547. Witteberg, dry slopes, 3500 ft. 16 July 1923. 


*F. striata var. capitellum C. B. Cl. 
2548, Witteberg, 3500 ft. 16 July 1923. 


striata var. compacta Schonl. 
2655. Witteberg, north slope, 4000 ft. 31 Oct. 1924. 
3168. Top of Witteberg (Whl.), 5000 ft. 28 Oct. 1926. 
[ have examined all the plants quoted by Schénland (viz. Bolus 7588, Kensit (near French Hoek), Pearson 


5230, Schlechter 8754), and I believe mine to be identical though usually more dwarf. This is F. lithosperma var. 


compacta C. B. Cl.; Schénland sinks this species in /’. striata. It is arguable that this species should be placed in the 
genus Tetraria. 


*Ficinia tenuifolia Kth. 
2656. Witteberg, 5000 ft. 31 Oct. 1924. 
Apparently a small form of this sepcies, only 4 or 5 inches high. 


Juncellus laevigatus C. B. Cl. 

3212. Bed of Baviaans River, Whitehill, forming a close turf in moist places, 2700 ft. 24 Jan. 1927. 

A small form about 2 inches high with solitary pale brown spikelets. Matches Pearson 4916 (Beukesfontein, 
S.W.A.P.). 
*Schoenoxiphium Ecklonii Nees (?). 

3562. Witteberg, 4000 ft. 12 Oct. 1929. 

I name this with some hesitation, owing to the vicissitudes of nomenclature which this group of Caricoideae has 
undergone. The locality is widely different from those of previous records of this and othe related species, and my 
plant may prove eventually to be a new species. 


*Scirpus costatus Boeck. 
2657. Foot of Witteberg, in moist places, 3500 ft. 31 Oct. 1924. 
S. dioecus Boeck. 
2858. Karoo Garden, Whitehill, a few clumps only, on dry ground. 15 July 1923, 
S. setaceus L. 
2707. Matjesfontein, in stream-bed, 3000 ft. 31 Oct. 1924, 
Also collected by Prof. Adamson in a kloof in the Witteberg, 14 Nov. 1925. 


S. spathaceus Krauss. 
2713. Matjesfontein, by stream-beds in Karoo. 31 Oct. 1924. 
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ARACEAE. 
*Richardia africana Kunth. 
Near stream-sides in valleys of the Witteberg, occasional, the peduncle sometimes 6 feet high. 


RESTIONACEAE, 


(I am indebted to Mr. N. 8. Pillans, the monographer of the South African Restionaceae, for kindly determining 
my collections.) 


*Cannamois nitida Pillans in Trans. Roy. Soc. S. Afr., xvi, p. 418, 1928. 
2754. Witteberg (Whl.). 31 Oct. 1924. 
Also Compton in Herb. Bolus 18367, Witteberg (Mfn.), 4000 ft. June 1924. (Quoted by Pillans.) 


*C. parviflora Pillans in Trans. Roy. Soc. 8. Afr., xvi, p. 415, 1928. 
2625. Witteberg. 11 Aug. 1924. 
2626. Witteberg, dry stream-bed, 3500 ft. 16 July 1923. 


*Elegia verticillaris Kunth. 
2627. Witteberg, by stream-side in kloof, 3400 ft. 5 Aug. 1923. 


*Hypodiscus argenteus Mast. 
2624. Witteberg, south slope, 4500 ft. 16 July 1923. 


*H, Neesii Mast. 
2623. Witteberg. 16 July 1923. 
2752. Witteberg (Whl.), 4000 ft. 31 Oct. 1924. (Quoted by Pillans.) 
3153. Witteberg. 28 Sept. 1926. 


*Leptocarpus vimineus Pillans in Trans. Roy. Soc. S. Afr., xvi, p. 354, 1928, 
3179. Witteberg (Whl.), north aspect, 4000 ft. 28 Oct. 1926. 


*Restio fruticosus Thbg. 
3156. Witteberg, 4500 ft. 28 Sept. 1926. 
3270. a (Whl.). May 1926. 


*R. Marlothii Pillans. 
2980. Witteberg (Whl.), 4000 ft. 22 May 1926. (Quoted by Pillans.) 
3155. ‘“ 4000 ft. 28 Sept. 1926. 
R. Marlothii is so far only known from this range of mountains, where, however, it appears to be plentiful. 


*R. occultus Pillans in Trans. Roy. Soc. 8. Afr., xvi, p. 243, 1928. 
3167. Top of Witteberg (Whl.), 5000 ft. 28 Oct. 1926. 


*R. Rhodocoma Mast. 
3268. Kloof in Witteberg, 3200 ft. 16 July 1923. 


*R. sp. indet. 
3154. Witteberg, 4000-5000 ft. 28 Sept. 1926. 
Regarded by Mr. N. S. Pillans as a new species, related to R. gossypinus Masts 


LILIACEAE, 
Albuca aurea Jacq. (?). 
2746. Karoo Garden, Whitehill, near stream-bed. 1 Nov. 1924. 
Also Archer 125, Whitehill, Oct. 1925. 
Named with some hesitation, but may well be an arid form of this species with fewer leaves and shorter pedicels 
than usual. 


Albuca concordiana Bkr. 
3538. Karoo Garden, Whitehill. 24 Sept. 1929. 
The ribbon-like leaves are coiled spirally, a feature not mentioned in Baker’s description, though there are 
signs of it in his type (Schlechter 11320). Bolus 13452 (Matjesfontein) is this species. 


A, namaquensis Bkr. (?). 

2912. Karoo Garden, Whitehill. 6 Aug. 1923. 

3512. Whitehill Karoo, 3000 ft. 12 Aug. 1929. 

A plant with strongly coiled filiform leaves, which varies greatly in size, small specimens having only 3 or 4 
flowers on the raceme. 


A, setosa Jacq. 
3625. Karoo Garden, Whitehill. 30 Oct. 1929. 


A. sp. indet. 
3291. Karoo Garden, Whitehill. 15 Oct. 1923. 
Section Falconera, near A. nana Schénl., with a green and white perianth. 
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Sp. 
534. Karoo Garden, Whitehill. 24 Sept. 1929. 

3580. Witteberg, in valley, 3500 ft. 12 Oct. 1929. 

Not described in the absence of complete material. Remarkable for the viscidity of the 2 or 3 linear leaves and 
to aless degree, of the scape, bracts, and pedicels. 


4 


Aloe longistyla Bkr. 
Rare in the Matjesfontein Karoo. WL. 249. 


1. microstigma Salm-Dyck. 
Frequent in the Western Karoo on rocky Karoo slopes with a north aspect, e.g. on Whitehill Ridge. A solitary 
plant in the Karoo Garden. WL. 149. 


A. parvispina Schéonl. 
Frequent in the Whitehill district on the north slopes and crests of hard sandstone outcrops. WL. 64. 
The original plant from the Heerenlogementberg has not been recently collected. The Whitehill plant flowers 
in December-January, unlike the very similar plant from the Zwartberg, the Montagu district, etc., which flowers in 
September—October. 


A. variegata. L. 
Formerly frequent in the Whitehill and Matjesfontein Karoo, but now almost exterminated by collectors, 
WL. 150. 


»Androcymbium Burchellii Bkr. 

2553. Matjesfontein Karoo, 3000 ft. 5 Aug. 1923. 

3518. Karoo Garden, Whitehill. 12 Aug. 1929. 

Also Archer 59, Whitehill, Aug. 1925. A good match of the type specimens in Herb. Kew., Burchell 1401 
(between Stinkfontein and Selderyfontein, Fraserburg Div., 15 Aug. 1811). The corm is globose, an inch in diameter, 
covered with hard black tunics, the neck 1-1} in. long. The spathe valves are green-veined, the stamen filaments 
dark red. The flower secretes copious nectar. 


A. cuspidatum Bkr. 

2549. Matjesfontein, Karoo Flats, 3100 ft., locally abundant. 16 July 1923. 

Also collected in the same locality by Professor Adamson, 15 July 1925. 

A reasonably good match of the type, Burchell 1376 (Great Riet River, Fraserburg Div., 10 Aug. 1811), the chief 
difference being that the leaves are slightly smaller and less acute. The flowers and bracts, however, are very similar, 
and I have little doubt of the identification. The corm is orbicular, } in. in diameter, flattened, with black tunics and 
a curious downward flat coral-like appendage. 


{. volutare Burch. 
Collected by Mrs. L. Bolus between Whitehill and Matjesfontein, Aug. 1929 (in Herb. Bolus). 
An interesting re-discovery of a plant originally found by Burchell between the Klein Doorn and Groot Doorn 
Rivers, at no great distance from Matjesfontein. (Burchell 1215.) 
A. n. sp. 
51. Foot of Witteberg, 3200 ft. 16 July 1923. 
2552. Foot of Witteberg. 5 Aug. 1923. 
Related to A. circinatum Bkr., but distinct. 


* inthericum longifolium Jacq. 
3577. Witteberg, in valley, 3000 ft. 12 Oct. 1929. 


A. thyrsoideum Bkr. 

3228. Whitehill Ridge, south side, 3000 ft. 

3496. Karoo Garden, Whitehill. 12 Aug. 1929. 

This species was collected by Burchell about 19 July 1811 at Yuk River Hoogte, Ceres Div. (not Tulbagh Div., as 
stated in Fl. Cap.). Burchell 1231 is Baker’s type (Journ, Bot., 1872, p. 139). His locality is about 30 miles from White- 
hill. Specimens were collected (but remained unidentified) by Beattie at Matjesfontein (Nat. Bot. Gardens, 2562/14 in 
Herb. Bolus). 

Baker’s descriptions (loc. cit. and in Fl. C2p.) show some discrepancies. The bracts are said in Fl. Cap. to be 
1/8-1/6 in. long; in Journ. Bot. they are stated to be as long as the pedicels, which are described as 2-3 lin. long. 
Judging from the specimens before me, the latter is the more accurate. In Fl. Cap. the perianth is said to be glabrous, 
and this is the case in my specimens ; in Journ, Bot. it is described as slightly pilose. The reference in Baker’s key in 
Fl. Cap. is somewhat misleading, the peduncle being sometimes shorter than the panicle. The perianth in my speci- 
mens is mauve-coloured, an unusual feature in Anthericum. 


Apicra bullulata Willd. 
Whitehill and Matjesfontein, occasional in Karoo under bushes. WL. 193, 


Apicra deltoidea Bkr. 
Whitehill, frequent in rock-crevices and under bushes in the Karoo. WL. 405. 


Asparagus consanguineus 
2831. Karoo Garden, Whitehill. 22 June 1924. 
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A. medeoloides Thbg. var. 

2894. Karoo Garden, Whitehill. 10 Aug. 1924. 

3221. Matjesfontein Karoo, 17 July 1927. 

Possibly a mere arid form of this species, or it may prove to be distinct. Only a few inches high and therefore 
scarcely climbing. The petals are not reflexed (cf. Fl. Cap.). Schlechter 8069 (Windhoek) is similar. 

Frequent in the district, especially in slight shade, under bushes of Euclea undulata, ete. 


A. stipulaceus Lam. 
2616. Foot of Witteberg, north aspect, 3000 ft. 23 June 1924. 
The flowers are white with a narrow purple stripe on each segment, and are sweet-scented in the evening. 


A. striatus Thbg. 

3139. Ngaap Kop, north slope, 4000 ft. 27 Sept. 1926. Also on the north side of Whitehill Ridge. 
Bulbine mesembryanthemoides Haw. 

3613. Karoo Garden, Whitehill. 30 Oct. 1929, 


B. rostrata Willd. 
3138. Ngaap Kop, 4000 ft. 27 Sept. 1926. 
B. succulenta Compton n. sp. 

Cormus ovoideus, long. 1 in., diam. 4-1 in., tunicis coriaceis in setis erectis numerosis long. }-} in. excurrentibus 
tectus. Folia 2-7, pallide viridia, molliter succulenta, obovato-spathulata, obtusa, sectione fere orbiculata, glabra, 
long. 1-1} in., diam. 3-4 lin., tempore florentis persistentia. Pedunculus erectus, tenuis, teres, glaber, long. 2-3 in., 
dimidio infero scaposo, supero florifero, internodiis post extensione long. c. 2-3 lin. Bracteae membranaceae lanceo- 
latae, long. c. 2 lin., pedicellas amplectantes. Pedicellae long. 2-3 lin., erecto-patentes. Flores 6-12, erecti vel 
expansi. Sepala fusca, elliptica, long. 4 lin. Petala flava, infra fusco-lineata, long. 4 lin. Filamenta gracilia, supra 
medio barbata. Stylus gracilis, long. 2 lin. 

2910. Karoo Garden, Whitehill. 6 Aug. 1923. 

3262. Whitehill Ridge, south side, 3000 ft. 8 Aug. 1927. 

3519. Karoo Garden, Whitehill. 12 Aug. 1929. 

Also F. and L. Bolus, Matjesfontein ; Nat. Bot. Gardens, 2141/14 in Herb. Bolus. Archer 53, Whitehill, Aug. 
1925. 

A very distinct species, locally abundant in the Whitehill and Matjesfontein Karoo. The short succulent leaves 
are carried well above the surface of the ground, unlike B. mesembryanthemoides, and always slope towards the north. 

B. torta N. E. Br. 
3229. Whitehill Ridge, south side, 3000 ft. 8 Aug. 1927. 
Also in the Karoo Garden, Whitehill. The type, Weiss 10, also comes from Matjesfontein. 


B. sp. indet. ; 
3539. Karoo Garden, Whitehill. ,24 Sept. 1929. 
3592. 13 Oct. 1929. 
A caulescent species, related to B. rostrate Willd. and B, caulescens L., but probably distinet. The perianth is 
white ; the stems are two or three inches long and dichotomise several times, and the inflorescences reach 18 inches 
in length. 


*Bulbinella caudata Kunth. 
3554. Witteberg, 3500 ft. 12 Oct. 1929. 
The specimens fall into the var. ciliolata Kunth. 


*B. triquetra Kunth. 
2736. Witteberg, sandy places, 4500 ft. 31 Oct. 1924, 
3618. Whitehill Ridge, south side. 30 Oct. 1929, 


Gasteria sp. indet. 

Archer 230, Whitehill. Nov. 1926. Young, Matjesfontein, in Herb. Bolus. 

I cannot name the Whitehill Gasteria with certainty, the cultivated specimens on which the original figures and 
descriptions are for the most part based differing considerably from the wild plants. It appears to be nearest G. 
obtusifolia Haw. 


Haworthia arachnoides Haw. 
Occasional in the Whitehill Karoo, under bushes with only the leaf-tips exposed, and easily overlooked. WL. 410. 


H. margaritifera Haw. 
Locally frequent in the Matjesfontein Karoo. WL. 143. 


Lachenalia anguinea Sweet. 
3536. Karoo Garden, Whitehill. 24 Sept. 1929. (Determined by Miss W. F. Barker.) 


L. orchioides Ait. 

2554. Karoo near Matjesfontein, 3000 ft. 5 Aug. 1923. Flowers dull purplish-brown. 

3264. Whitehill Ridge, south side, 3000 ft. 8 Aug. 1927. Flowers greenish. (Determined by Miss W. F. 
Barker.) 


L. Comptonii Barker in 8. Afr. Gard., xx, p. 14, 1930. 
3533. Karoo Garden, Whitehill. 24 Sept. 1929. (Miss Barker's type.) 
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L. n. sp. 
3497. Karoo Garden, Whitehill. 12 Aug. 1929. And elsewhere in the district, only flowering in good seasons. 


L. n. sp. 
3137. Whitehill Ridge, 3000 ft. 26 Sept. 1926. 
Material insufficient for description. The plant has a single broad folded spotted leaf and a very short spike of 
small white flowers with exserted stamens. 


Massonia obovata Jacq. 

2859. Karoo Garden, Whitehill. 15 July 1923. 

On the whole this agrees better with descriptions and figures of M. obovata Jacq. than of M. latifolia L.f., but I am 
not satisfied that the species are distinct. In the Matjesfontein district, where the plant is locally abundant, the 
filaments are sometimes greenish, sometimes red, even on the same plant, and this upsets Baker’s diagnosis. The 
leaves never reach 6 in. in length. Many of Baker's descriptions of Massonia are founded on the figures of luxuriant 
cultivated specimens in Jacquin Hort. Schoenb. 


*M. pauciflora Solander (?). 

2550. Kloof in Witteberg, in shady rock-crevices, 3500 ft. 5 Aug. 1923. 

I have seen no type nor drawing of this species, and the original description (copied by Baker, etc.) is very scanty. 
My plant does not appear to be M. Schlechtendahlii Baker, judging from the description, nor M. latebrosa Mass., judging 
from his drawing in the Herb. Mus. Brit.; excluding these two species it can only be M. pauciflora or a new species, 

This plant has leaves about an inch long, pustulate and blotched with purple above, green below, and purple 
towards the margin ; the outer bracts are membranous, slightly reddish with green tips: the petals are white and the 
stamens reddish. 

M. triflora Compton n. sp. 

Bulbus globosus, diam. c. } in., tunicis pallidis membranaceis. Folia 2, long. 2-3 in., lat. 2-24 in., ovato-orbi- 
culata, laevia glabra, saturate viridia, purpureo maculata. Cervix angusta, long.c. $} in. Capitulum diam. c. 3 in. 
Bracteae exteriores late ovatae, acuminatae, long. fere 1 in., lat. 6 lin. Flores c. 3, breviter pedicellati. Perianthium 
tubo long. 3 lin., diam. 2-3 lin., lobis triangularibus erectis vel reflexis, albis, long. 3 lin., basi lat. 1} lin. Filamenta 
purpurea, long. 4 lin., parum basi dilata, annulo connata. Antherae exsertae, dorsifixae, long. 1 lin. Stylus tenuis, 
stamina excedens. 

3515. Whitehill Ridge, south side, among rocks, 3200 ft. 12 Aug. 1929. 

Remarkable on account of the comparatively few flowers in the head, usually three. 


Ornithogalum aurantiacum Bkr. 
3585. Matjesfontein Karoo, 3000 ft. 12 Oct. 1929. 
The dimensions are all slightly greater than those in the Fl. Cap. Leaves 2-4, about 2 in. long, peduncle up to 
6 in. long, flowers 1-3, bracts up to $ in. long, perianth $in. long. The species isextremely abundant in the Pienaar’s 
Kloof-Bonteberg district. 
O. aureum Curt. 
3587. Matjesfontein Karoo, 3000 ft. 12 Oct. 1929. 
This plant differs so markedly from O. thyrsoides in habitat, form of leavesand bracts, and in other small characters, 
as well as in the colour of the perianth, that I prefer to regard it as specifically distinct from that species. 


*Q. barbatum Jacq. 
2761. Witteberg, 5000 ft. 30 Nov. 1924. 
Named with hesitation. The plant has only one leaf, and the perianth is white and green. 


O. speciosum Bkr. 
Whitehill Ridge, north aspect, 3000 ft. Kopjes near Matjesfontein, north aspect, 3500 ft. WL. 293. 


thunbergianum Bkr. 
3565. Witteberg, in rock-crevices, 4000 ft. 12 Oct. 1929. 


O. sp. indet. 
3619. Whitehill Ridge, 3000 ft., south side. 30 Oct. 1929. 
Related to O. suaveolens and O. barbatum, but distinct. The leaves wither at the time of flowering. Leaves and 
the stiffly erect peduncle are glandular-viscid. The bulb is globose, an inch in diameter. The flowers are few, } in. 
long, yellow inside, brown on back. The style is slender, as long as the ovary. 


O. sp. indet. 
3614. Karoo Garden, Whitehill. 30 Oct. 1929. 
A small species, apparently related to O. ovatum Thbg. The leaves are absent at flowering time. The perianth 
is polyphyllous and the stamens hypogynous, but the seeds, unlike the generality of Ornithogalum spp., are much 
flattened. This plant is therefore transitional between Ornithogalum and Urginea. 


O. sp. indet. 
3584. Matjesfontein Karoo, 3000 ft. 12 Oct. 1929. 
Related to O. Bergit Sch., but with only one or two produced leaves, and the membranous leaf-sheaths are 
marked with brownish rugosities. Also collected at Matjesfontein by Bolus 13450, Sept. 1908. 


Ornithoglossum glaucum Salisb. 
Collected near Whitehill by Prof. Adamson (Herb. Bolus). Frequent on Whitehill Ridge. The plants of this 
district have unusually broad leaves which are not undulate, and very-few-flowered inflorescences, the individual 
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flowers being larger than usual. Probably they are drought forms of the var. grandiflorum Bkr., but the species O. 
glaucum requires subdivision. 


Polyxena pygmaea Kunth. 
2615. Matjesfontein Karoo, locally abundant. 23 June 1924. 


Rhadamanthus convallarioides Salisb. 
Karoo Garden, Whitehill. WL. 176. 


HAEMODORACEAE, 
Cyanella lutea L.f. (?). 
3316. Matjesfontein Karoo, 3000 ft. 14 Oct. 1928. 
This may prove to be a distinct species. The bracts are slender, not leaf-like ; the flowers are 3-4 lin. long, and 
the basal leaves are about 1 in. long and broadly spathulate. 


AMARYLLIDACEAE, 
Brunsvigia gigantea Heist. 
Local in the Whitehill Karoo, e.g. on the south side of Whitehill Ridge, where the enormous scale-clad bulbs are 
borne above the broken rock fragments. 


B. striata Ait. 
Locally abundant in the Whitehill Karoo, but the flowers, and to a lesser extent the leaves, only appear in a good 
season. WL, 186. 


Buphane disticha Herb. 
Ngaap Kop, northern slopes, 3500 ft. 


Haemanthus moschatus Jacq. 
Karoo Garden, Whitehill, and elsewhere, infrequent, among heaps of boulders and in rock-crevices. WL. 187. 


Hessea gemmata Benth. 
Karoo Garden and other places in the Whitehill Karoo, apparently rare and seldom flowering. WL. 382. 


Hypowis (Lanthe) sp. indet. 
3241. Whitehill Ridge, south side, 3000 ft. 8 Aug. 1927. 
Probably a new species. 


IRIDACEAE. 
*Babiana Gawleri E. Br. 

2699. Witteberg, 4500 ft. 31 Oct. 1924. 

The present plant closely agrees in the form and colour of its perianth and in the pubescence of the leaves and 
bracts with Schlechter 8856 (Cold Bokkeveld, 3500 ft.), the type of his B. stellata. In these and other respects it agrees 
with the figure in Bot. Mag., 638 (sub. nom. B. spathacea), on which N. E. Brown (in Hooker’s Icones, 2710) founded 
B. Gawleri ; the locality of this is ** Bockland and Hantum,” another point of agreement. There is a sheet of specimens 
in Herb. Kew., doubtless (fide N. E. Brown) grown from Thunberg’s plants. Another plant with a longer pilose 
clothing of leaves and bracts, and with narrow perianth segments which are deep purple with a reddish marking, has 
been taken for B. Gawleri, but I think wrongly. (See L. Bolus in S.A. Gardening, xvii, p. 376, 1927.) 

B. stellata Schltr. antedates B. Gawleri N. FE. Br. by five years, and should be adopted but for the fact that the 
name B, stellata had already been used by Ecklon in 1827 for a distinct species. B. stellata Schitr. therefore falls away, 
and the earliest valid name is B. Gawleri. 


B. sambucina Ker. 
2856. Karoo Garden, Whitehill, in rock-crevices near stream-bed. 15 July 1923. 


Ferraria antherosa Ker. 
3598. Karoo Garden, Whitehill. 13 Oct. 1929. 


*F. undulata L. 
Collected by Prof. Adamson in a kloof in the Witteberg, 14 Nov. 1925. 


*Geissorrhiza ornithogaloides Klatt. 
3312. Witteberg, 4000 ft., in sandy places. 14 Oct. 1928. 
Gladiolus formosus Klatt. 
3660, Karoo Garden, Whitehill. 25 Aug. 1930. 
Corolla greenish-yellow with purple tips. Rather rare in the Whitehill Karoo, but more abundant in the Touws 
River district. 


*G. orchidiflorus Andr. 

3560. Witteberg, in valley, 3500 ft. 12 Oct. 1929. 
*G. Tauhertianus Schltr. (?). 

3142. Witteberg, south slope, 4500-5000 ft. 28 Sept. 1926, 

3326. 7 4500 ft. 14 Oct. 1928. 

This is the ** blue-bell ” of the Western Karoo districts, though it occurs on mountains with a ‘* Cape ”’ flora, and 
not inthe true Karoo formation. The flowers are usually solitary and resemble those of G. spathaceus, but are smaller ; 
the corolla is blue-mauve with yellow markings on the lip. 
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The type of G. Tauhertianus comes from the Cold Bokkeveld, a district with a related flora. When this group of 
species, which includes G. Bolusii var. Burchellii, G. spathaceus and its many varieties, G. Taubertianus, and the present 
plant have been successfully cultivated side by side the two last may prove distinct, but for the present I cannot 
certainly separate them. 


Hesperantha falcata Ker. var. 
3505. Whitehill Ridge, 3200 ft. 12 Aug. 1929. 
Apparently a variety of this species with narrow leaves and an exserted perianth tube. 


H. humilis Bkr. 
Collected in the Whitehill Karoo by Prof. Adamson, 16 July 1925. (Herb. Bolus.) 
Determined e descr. A very distinctive species which does not appear to have been found since its original 
discovery by Burchell 1320, who collected it in the Middle Roggeveld, near Jakhals Fontein, no great distance from 
Whitehill, in early August 1811. 


Homeria Rogersii L. Bolus in Fl. Pl. S. Afr., viii, sub. tab. 306, 1928. 
3602. Whitehill, sandy ground in Karoo, 3000 ft. 30 Oct. 1929, 
Compared with the type. Locally abundant in the Matjesfontein and Whitehill Karoo. 


Ixia incarnata Jacq. 
2873. Karoo Garden, Whitebill. 6 Aug. 1923. 
The Whitehill plants only reach about 4 in. in height. Their flowers are magenta; those of the Tweedside plant 


- (Compton 3143) are mauve, whereas those gathered further west (Ceres Div., etc.) have rosy-pink flowers as figured by 


Jacquin and Redouté. 


Lapeyrousia caespitosa Bkr. 
2896. Karoo Garden, Whitehill. 10 Aug. 1924. 
2897. Frequent. 15 July 1923, 
Also collected by Prof. Adamson at Matjesfontein, 15 July 1925. 


L. fistulosa Bkr. 
3263. Whitehill Ridge, south aspect, 3000 ft. 8 Aug. 1927. 
3522. Same locality. 12 Aug. 1929. 


Morea ciliata Ker. var. 
3261. Whitehill Ridge, south aspect, 3000 ft. 8 Aug. 1927. 
A variety with distinctly crispate leaf-margins without cilia. Flowers yellow with markings, 


M. galaxioides Bkr. 
3240. Whitehill, moist spots by Baviaans River, 2700 ft. 8 Aug. 1927. 
Flowers white with purple markings. 


M. tenuis Ker. 
3612. Whitehill Ridge, south side, 3200 ft. 30 Oct. 1929. 
A colour variety with the outer perianth segments whitish and marked with dark speckles, 


M. torta L. Bolus in 8. Afr. Gard., xvii, p. 418, 1927. 
3535. Karoo near ; onan 24 Sept. 1929. (Collected by Mr. J. Archer.) 
This very distinct and remarkable species was previously only known from the Nieuwoudtville district. 


Romulea sublutea Brr. 
2832. Karoo Garden, Whitehill. 22 June 1924. 
Also collected by Prof. Adamson in the Karoo near Matjesfontein. One of the earliest plants to come into flower 
after the first good winter rains. ' 
Syringodea filifolia Bkr. 
2613. Matjesfontein Karoo. 23 June 1924, 
Abundant throughout the district in Karoo areas, and one of the earliest bulbs to appear in winter. WL. 129. 


ORCHIDACEAE, 
* Disperis capensis Sw. 
2515. Witteberg (Whl.), south slope, 3500 ft. 11 Aug. 1924, 


Holothrix Schlechteriana Kranz. 
3620. Whitebill Karoo, collected by J. Archer 1928, grown in the Karoo Garden. 30 Oct. 1929. 


H. secunda Kehb. 
3621. Whitehill Ridge, south side, 3200 ft. 30 Oct. 1929, 


*Pterygodium catholicum Sw. 
2745. Witteberg, 4500 ft. 31 Oct. 1924. 
A small form with about two flowers on the stem. 
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DICOTYLEDONES. 


MYRICACEAE. 
*Myrica conifera Burm. 
3010. Witteberg, in kloof near stream, 3500 ft. 28 Sept. 1926, 


PROTEACEAE, 
*Leucadendron abietinum R. Br. 
2609. Witteberg, 4500 ft. 16 July 1923. 
2743. Ps 3500 ft. 31 Oct. 1924. 
A shrub of about 3 ft., thinly scattered and forming local societies on the northern slopes. 


*L. adscendens R. Br. 
2555. Witteberg, 3200 ft., dry sheltered slopes. 23 June 1924. 
2733. iy 3500 ft. 31 Oct. 1924. 
Abundant on the southern slopes, but scarce on the northern. 


*L. glaberrimum (Schlechter) Compton nov. comb. 

2741. Witteberg, 5000 ft. 31 Oct. 1924. 

2824. 30 Nov. 1924. 

3337. Witteberg. 14 Oct. 1928, 

Considerable confusion exists in connexion with this plant, which appears identical with Schlechter 8916 from 
the Cold Bokkeveld, 5200 ft.; this was collected in the male form only and was described by Schlechter as Leucospermum 
glaberrimum (in Engl. Jahrb., xxvii, p. 111, 1900). Schlechter 8916 is quoted by Phillips and Hutchinson in Fl. Cap. 
(wrongly as Leucadendron glaberrimum Schlechter) as being identical with Leucadendron decurrens R. Br. Judging 
from R. Brown’s description, however, Leucadendron decurrens is most probably the species represented by a specimen 
of Pappe’s in Herb. Hooker, by Schlechter 8990 and 8991 from Ceres Road, 700 ft. (sub. nom. L. concinnum RK. Br.), 
and by Bolus 8393 from Gydouw Mountain, near Ceres, 2600 ft.; it appears to be confined to the Tulbagh-Ceres District 
at low altitudes. Schlechter 8916 and Compton 2741, 2924, and 3337 come from more arid localities at higher altitudes 
(c.5000 ft.) and are characterised by prostrate growth, smaller and more crowded secund leaves, and the outer involucral 
leaves scarcely or not exceeding the inflorescences ; whereas L. decurrens is an erect shrub with less crowded erect 
leaves, and with outer involucral leaves much longer than the inflorescences. I therefore keep Schlechter 8916 distinct 
from L. decurrens and maintain his trivial name in the new combination Leucadendron glaberrimum. The following 
description supplements Schlechter’s with regard to the female plant :— 

Female plant similar to male, but less branched and rather larger in all its parts. Outer involucral bracts about 
equalling the inflorescence in length. Inflorescence globose, about } in. long and broad, consisting of about 7 rows of 
broadly deltoid obtuse dark brown bracts which are villous where enclosed, bright and shining where exposed. Perianth 
tube 4 lin. long with long white villi, lobes 1} lin. long, glabrous. Style slender, exserted, stigma capitate. Fruits 
angular, glabrous, wingless, about 3 lin. long, dark brown. 

Planta feminea mascula consimilis sed minus ramosa et omnibus partibus parum majora. Involucri folia extima 
inflorescentia longitudine aequantia. Inflorescentia globosa, long. et lat. c. } in. Bracteae c. 7-seriatae late del- 
toideae obtusae, nigro-fuscae, partibus expositis glabris nitentibus, partibus inclusis villosis. Perianthium tubo longe 
albo-villoso long. 4 lin., lobis glabris long. 14 lin. Stylus tenuis exsertus, stigmate capitate. Achaenia angulata 
glabra non alata nigro-fusca, long. c. 3 lin. 

Under the species Leucadendron decurrens Phillips and Hutchinson (Fl. Cap.) also quote Bolus 5785 from Kromme 
River, Cederbergen, 2900 ft., Bodkin in Herb. Bolus 7560, and Schlechter 5227 from Piquetberg, 800-1600 ft. These 
plants have rather a different appearance from the Tulbagh-Ceres material above quoted and may prove to be distinct. 
Bodkin in Herb. Bolus 9078 from Sneeuwkop, Cederbergen, 5000 ft., is a rather problematical plant which may be a 
form of L. glaberrimum with longer internodes. 


*L. sericocephalum Schitr. 

2742. Witteberg, 4500 ft. 31 Oct. 1924. 

2994, 28 Sept. 1926, 

A shrub of 8 ft. with silvery leaves, slightly smaller in the males than in the females, the involucral leaves not 
distinct from the foliage. Matches the type, Schlechter 8486 and 8487 (Zeekoe Vley, Clanwilliam Div.), and also seen 
from Piquetberg (Bolus 13636), near Sandhills in the Hex River Valley (Bolus 13177), on the Witteberg near Matjes- 
fontein (Thoday in Herb. Bolus 17281), and at Tweedside, 3500 ft. (Compton 2993). Evidently a widely distributed 
plant in the drier “‘ Cape ”’ localities. 


*Leucospermum obtusatum Phillips. 
2514. Witteberg (Whl.), 3500 ft., on southern slope. 11 Aug. 1924. 
2556. Witteberg summit, 5000 ft. 23 June 1924, 


2739. 31 Oct. 1924, 
2823. 30 Nov. 1924. 
3169. = ‘ 28 Oct. 1926. 


” 
The type of this little-known species (Davidson in Herb. Kew.) is from the Matroosberg, and is a fair match of 
my more starved specimens, e.g. 2556. The only other gathering is a specimen of Thunberg’s, without locality, which 
I have not seen. The plant is plentiful in the Witteberg range and flowers over a long period, but especially August 
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to November. The leaves when well-developed reach 1} in. long and 2 lines wide, and are of a characteristic narrow 
spathulate form. The corolla is of a reddish-purple colour. The shrub reaches a height of 2-3 ft.. has a broad form, and 
is much branched. 


*L. wittehergense Compton n. sp. F 

2822. Witteberg summit, 5000 ft. 30 Nov. 1924. 

3563. * 1500 ft. 12 Oct. 1929. 

Frutex ramosus, alt. 2 ped., ramis adscendentibus. Caules angusti, teretes, fusci, pubescentia grisea persistente 
tecti. Folia erectopatentia vel expansa, imbricata, integra, lanceolata, long. 5-8 lin., lat. 1-14 lin., utrinque pubes- 
centia argenteo-grisea tecta, mesonervo distincte, apice fusco calloso. Capitulum termineal, solitarium, sessile, viy 
folia excedente, diam. c. 7 lin., involucro distincto. Receptaculum convexum. Bracteae orbiculares, long. 2 lin., apice 
prolongato, acuminatae, aliquando reflexae, pilis longis expansis tectae. Flores 15-20, Perianthium externe pilosum 
bracteis consimile praeter basem glabram, tubo long. 3 lin., segmentis reflexis long. 2 lin. Stylus long. 5 lin., attenuatus, 
rectus vel curvatus, stigmate oblongo-clavato, obtuso, long. 1/3 lin. 

Allied to L. puberum R. Br. and to L. Lemmerzianum Schitr., but characterised by the smaller lanceolate silvery 
eaves, the smaller capitula, flowers and styles, and the oblong-clavate obtuse stigmas. Apparently not collected 
elsewhere, and certainly rare on the Witteberg. Named in contrast to L. zwarthergense Bolus, which seems to be equally 
local on the Zwartberg, where it is accompanied by 1. puberwm KR. Br. 


*Protea convera Phillips. 

2542. Witteberg (Mfn.), hollow between ranges, 4500 ft. Aug. 1923. 

2738. Witteberg (Whl.), 5000 ft. 31 Oct. 1924. 

Correctly described by Phillips in Kew Bull., 1910, p. 235, as a “suftfrutex acaulescens.”” In the Fl. Cap. V., i, p. 
584, 1912, it is described as a shrub up to 10 ft. high, but this is corrected in the Appendix, p. 722. The stem is short 
and trails over the ground. The capitulum is surrounded by broad leafy bracts of very distinct form from the foliage 
leaves, as in P. turbiniflora, the only member of the section Obvallatae, to which this plant should probably be assigned 
instead of to the section Leiocephalae, where it is completely out of place. 


*P. Harmeri Phillips. 

2639. Witteberg, summit and southern slope, 3500-5000 ft. 16 July 1923. 

The “ mountain rose” of this district. The flowers are erect, rather concealed among the glaucous leaves, 
and the involucres are of a dark crimson colour. The flowering season is July. P. Harmer? is abundant in the Matjes- 
fontein section, but searce in the Whitehill section of the Witteberg range. 


*P. macrophylla RK. Br. 
2640. Witteberg, summit and southern slopes, 4000-5000 ft. 16 July 1923. 
Frequent in both Matjesfontein and Whitehill sections of the Witteberg range. 


*P. marginata Thbg. 

2610, Witteberg, 3500-1500 ft. 16 July 1926. 

Abundant, especially on the southern slopes, and the first Protea one meets as one ascends from the Karoo on 
the northern slopes. A tall shrub up to 10 ft. high, the involucre of a chalky rose colour with dark brown beards. 


*P. punctata Meisn. 

2825. Witteberg (Mfu.), summit of southern range, 5000 ft. 30 Noy. 1924. ( Fruiting.) 

2973. Witteberg (Whl.), 5000 ft. 21 May 1925. (Full flower.) 

A shrub 3-4 ft. high, with erect branches and spreading white involucres. I have not seen the type, but my 
plants exactly match material from the Great Zwartberg (Hops 175 in Herb. Bolus), vouched for by Phillips, and also 
Tugwell in Herb. Bolus 13994 (sub. nom. P. /acticolor in error). 


revoluta R. Br. 

2611. Witteberg, north slope, in rock-crevices, 4000 ft. 

A low branching trailing sub-shrub with filiform channeled smooth glabrous leaves. Identified from description. 
Matches Bolus 13179 from the Hex Rivet Valley, near De Doorns, about 1700 ft., also identified as P. revoluta e descr. 
The type locality is given as Great Houw Hoek (Zeyher 3669 f), which is widely distinct from the Witteberg, and it is 
possible that the identifications or the localities are incorrect. Another somewhat similar plant, but with scabrid 
leaves, is P. tenvifolia RK. Br., of which the type is a plant of Pappe’s (in Herb. 8. A. Mus.) marked * in graminosis ad 
latera montium Groote Houw Hoek et ad flugn. Rivier Zonder Kinde.” Zeyher 3671 (Swellendam) is apparently 
identical and is marked P. tenuvifolia by Phillips on the sheet in the Herb. S.A. Mus., though quoted in Fl. Cap. as 
P. scabra, 1 have not seen Zeyher 3669 f. 


*P, Scolopendrinm K. Br. 

2737. Witteberg (Mfn.) summit, 5000 ft. 31 Oct. 1924, 

My gatherings agree well with Bolus 5232 from the Great Winterhoek Mountains, 5000 ft., quoted in FI. Cap., 
but are somewhat smaller in all parts. [have not seen the type in Herb. Mus. Brit. 

Also occurs on the Ceres Mountains (Marloth 7910 and Snyman in Herb. Bolus). My gathering is the most 
easterly record of this rare species. 


*P, sulphurea Phillips. 

2641. Witteberg, especially near summit and in kloofs at lower altitudes, 3500-5000 ft. 16 July 1923, 

A most decorative species with globular pendulous buds and tawny yellow flowers. Abundant in the Whitehill 
section of the range. 
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*Spatallopsis confusa Phillips. 

2725. Witteberg (WhI.), south slope, 5000 ft. 31 Oct. 1924. 

2774. Same locality, 10 Jan. 1925. 

3170. Same locality, 28 Oct. 1926. 

A shrub of 2 ft. with brownish-red flowers. The leaves are tinted red on the sunny side. My specimens match 
Schlechter 8838 (Ezelbank, Clanwilliam Div.) and Bolus 11627 (Zwartberg Pass). This species is supposed by its author 
to be Spatalla brevifolia E. Mey. (non R. Br.), and Drege 8079 (Ezelbank) is quoted in Fl. Cap. ; but this number is not 
quoted in Drege’s Zwei Pflgeog. Doc., pp. 74, 222. Spatalla brevifolia K. Br. is a distinct plant (Npatallopsis ericaefolia 
Phillips), and Hutchinson, who examined Masson’s type in Herb. Mus. Brit., writes: ‘* The mature leaves are short 
(6 mm. long) and permanently pubescent, and the bracts are densely pubescent outside. Inpartially! the type 
=Schlechter 10225 and 10180." The two species are, however, very closely allied. 


SANTALACE AE, 
Thesidium exvocarpaeoides Sond. 
Collected by Prof. Adamson on the Karoo near Matjesfontein, 15 July 1925, The first record, so far as I know, 
of a Thesidium from a Karoo locality. 


*Thesium albomontanum Compton n. sp. 

2696, Summit of Witteberg, 5000 ft. 31 Oct. 1924. 

2999. (Whl.) 28 Sept. 1926. 

3160. 28 Oct. 1926. 

3279. Witteberg. 14 Oct. 1928. 

Frutex erectus ramosus alt. 1 ped. Caules duri rigidi glabri, foliorum basibus decurrentibus striati, diam. ad } in., 
permanente virentes. Folia patentia rigida triangularia acuta long. 1-1} lin. Flores 5-10 dense aggregata. Bracteae 
glabrae, marginibus integris, oblongae obtusae, long. 1 lin., lat. $ lin., quisque paullo quam florem breviora : bracteolae 
angustiores, leviter carinatae, marginibus integris. Perianthii segmenta long. $ lin., triangularia, textura succulenta, 
marginibus minute papillatis. Antherae long. }lin., ad perianthium capillis adhaerentes. Stylus long. ec. 1/16 lin. 

The general aspect of 7. alhomontanum is distinct from that of any other species and recalls that of certain 
Euphorbias ; the low bushes are densely and intricately branched and the stems are thick and rigid. The flowers 
are very similar to those of 7. commutatum Sond. in form and size, but they are borne in larger numbers in the cluster 
and are slightly more fleshy ; the bracts, moreover, have quite entire margins, whereas those in 7. commutatum are 
fimbriate. My plants were reported upon at Kew as * 7. commutatum Sond., though stems thicker than sp. in Kew 
Herb.” I have carefully compared the plant with Wolley-Dod 3015, Bolus 8600, and Schlechter 10235, in the Herb. 
Bolus, all vouched for as 7. commutatum by Dr. A. W. Hill, and I conclude that my plant is quite distinet. Schlechter 
10235 is from a similar locality (Cold Bokkeveld, 5800 ft.) and would be expected to approximate to mine if an identical 
species, 

T. Archeri Compton n. sp. 

Frutex rigidus alt. 1-2 ped., caulibus glabris, pallide glauco-virentibus, foliis destitutis. Rami alterni, late 
divaricati, basi leviter constricti, in spinas excurrentes. Cortex in siecitate irregulariter rugosus. Inflorescentia 
lateralia, breviter spicata. Bractea lanceolata acuta, long. 2 lin. utrinque convexa, margine integra. Bracteolae 
similes sed long. 1 lin., floribus rudimentariis in axillas. Receptaculum cylindricum, long. 1 lin.; perianthii tubus 
long. 4 lin., segmenta long. } lin. ovata obtusa cucullata, in marginibus paucis papillis longis instructis. Antherae 
long. } lin., exsertae, capillis ad perianthium adhaerentes, Stylus long. } lin. 

3177. Karoo Garden, Whitehill. 27 Oct. 1926. 

A very distinct species belonging to the section Imberbia, subsection Fimbriata of the Fl. Cap. The stout 
leafless spinescent branches, the glaucous colour, and the short lateral bracteate inflorescences are characteristic, 
T. Archeri is named after the Curator of the Karoo Garden, Whitehill, where it is native and where it is associated with 
another almost leafless spinescent species, 7. lineatum L.f. 


*T. capitatum L. 

2727. Witteberg, 5000 ft. 31 Noy. 1924. 

3157. és summit (Whl.), 5000 ft. 28 Oct. 1926. 

Differs from typical material in the shortness of the leaves, the free portions of which are only 2 lin. long ; this, 
however, is to be expected from the exposure and aridity of its habitat. Determined by Dr. A. W. Hill (2727). 


*T. capituliflorum Sond. 

2729. Witteberg summit, 5000 ft. 31 Oct. 1924. (Identified by Dr. A. W. Hill.) 

3165. $6 (Whl.) summit, 5000 ft. 28 Oct. 1926. 

3187. Same locality and date. 

In many cases (especially in 3187) the bracts equal the flowers in length, this being characteristic of 7. euspidatum 
Hill. My specimens show considerable variation in this respect, and I doubt whether the two species are really 


separable. I therefore follow Dr. Hill's determination of 2729 and use the older name. 


*T. ericaefolium A. DC. 

2726. Witteberg summit, 5000 ft. 31 Oct, 1924. 

2730. Same locality and date. 

The two gatherings were thought to be distinct, but on examination prove to be identical. Both were passed as 
T. ericaefolium A. DC. by Dr. A. W. Hill, and apparently represent an exposure form of this coastal species with shorter 
internodes and more imbricate leaves than usual 
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Thesium Hillianum Compton n. sp. 

2908. Karoo Garden, Whitehill. 6 Aug. 1923. 

3528. 12 Aug. 1929. 

Fruticulus ubique glaber. Caules tenues breves flexuosi, minute striati. Folia patentia falcata lineare- 
lanceolata plana acuta, textura molles, glauca, long. 5 lin., lat. 2/3 lin. Flores singuli in foliorum superiorum axillas. 
Bracteolae ad folia similes sed long. dimidiae. Flos breviter pedicellatus pyriformis; calycis tubus coriaceus, 5 
maculis orbiculatis turgidis segmentis alternantibus, segmenti long. ? lin. ovato-oblongi, capillis densis marginalibus 
apicalibusque instructi. Capilli superficiales perianthii in 5 cirris non antheris adhaerentes. Antherae long. $ lin, 
Stylus long. 2/3 lin., ad basem antherarum attingens. 

Dr. A. W. Hill (to whom I dedicate this species) examined the material and confirmed my opinion that it was new. 
He writes: ‘* The new species No. 2908 falls into Section 3, Penicillata of the Fl. Cap. arrangement, since the perianth 
hairs behind each anther are free from the apex of the anther. It differs from 7. penicillatum A. W. Hill (the only 
other S. African species in the section) principally in the arrangement of the flowers : 

Firs. arranged in fairly dense terminal corymbs ; perianth segments linear lanceolate i T. penicillatum 

Firs. laxly racemose ; perianth segments ovate oblong . A ° T. Hillianum ” 


T. karooicum Compton n. sp. 

Fruticulus sarmentosus, copiose foliosus, caulibus foliisque minute scaberulis. Caulis foliorum basibus decur- 
rentibus jugosus. Folia juvenia erecto-patentia carinata, matura squarrosa crasse subulata acuta mucronulata, long. 
1-24 lin., lat. lin. Inflorescentia terminalis spica condensata globularis, diam. ad 4in. Bracteae long. 2-3 lin., lat. 
4 lin.; bracteolae parum angustiores, fere flores aequales, glabrae, marginibus minute scaberulis. Perianthium tubo 
Jong. 2 lin., segmentis lanceolatis long. } lin., marginibus copiose barbatis. Capilli in perianthii superificie ad antheras 
perleviter adhaerentes. Antherae long. 1/3 lin., in filamentis long. 1/6 lin. dorsifixae, inclusae. Stylus long. 14 lin. 
Stigma capitellata. 

2848. Karoo Garden, Whitehill. 15 July 1923. 

Also collected by Prof. Adamson in the same locality, 16 July 1925. 

This species agrees with 7. capitatum in its elongated style, but differs in the scabrid pubescence of its leaves and 
stems: the style iseven longer than in 7. pubescens and T. rufescens, and the pubescence is shorter ; the short squarrose 
leaves and the glabrous bracts furnish other diagnostic characters. The lightness of attachment of the anthers to the 
perianth hairs almost justifies its inclusion in the Section Penicillata. 


T. lineatum L.f. 
2854. Karoo Garden, Whitehill. 15 July 1923. 
A good match of material authenticated by Dr. A. W. Hill. 


*T. pycnanthum Schltr. 
2516. Witteberg, 3000 ft. 11 Aug. 1924. 
Determined by Dr. A. W. Hill. 


*T. strictum Berg. 
Witteberg, 4000 ft., occasional. 


Thesium whitehillense Compton n, sp. 

Fruticulus humilis virgatus depressus, ubique glaber. Rami angusti rigidi fragiles. Folia sparsa, linearia 
saepe incurvata, long. c. 1lin. Floresin paniculas longas strictas indeterminatas, cymulis vel ramulis brevibus axillari- 
bus. Bracteae long. c. 1 lin., bracteolae long. c. 4 lin. Pedicella long. c. 1 lin. Perianthium glabrum ebarbatum, 
long. c, 4 lin., glandulis externis intersegmentalibus. Antherae long. c. 4 lin., capillis ad perianthium adhaerentes. 
Stylus long. } lin., stigmate capitellato. 

3663. Karoo Garden, Whitehill. 25 Aug. 1930. 

Allied to Th. dissitiflorum Schitr., of which I have seen the type (Schltr. 8859, Koude Bockeveld, and also Schitr. 
10897, Papelfontein, both quoted by Hill in Fl. Cap.), but differs from that species in the longer style, the shorter 
bracteoles and the absence of distinct spittescence. 


LORANTHACEAE. 
Loranthus elegans Cham. and Schlecht. bs 
2833. Karoo Garden, Whitehill, parasitic on Rhus lucida. 22 June 1924, 


Also occurs frequently on Acacia Karoo and Royena spp. in the district. 


L. glaucus Thbg. 
On Lycium spp, in the bed of the Baviaans River at Whitehill. 2700 ft. 


Viseum capense 1..f. 
Occasional on Rhus lancea in the bed of the Baviaans River, Whitehill, 2700 ft. WL. 464. 


*V’. pauciflorum L.f. 

2513. Witteberg (Whl.), on Gymnosporia laurina in kloof, 3000 ft. 11 Aug. 1924. 

A good match of typical material at Kew. The berry is red. (Sprague in Fl. Cap. states that it is yellowish- 
white.) 
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CHENOPODIACEAE, 

Atriplex albicans Ait. 

2893. Karoo Garden, Whitehill. I Dec, 1924. (Fruiting.) 
A. Halimus L. 

2749. Whitehill, occasional by stream-sides in the Karoo, 3000 ft. 11 Aug. 1924. 
Salsola aphylla L.f. 

2933. Karoo Garden, Whitehill. 1 Nov. 1924. (Flowering.) 

Also frequent in river-bed alluvium in the district and in small local societies where the soil is saline. 


AIZOACEAE. 
Aizoon karooiewm Compton n. sp. 

2966. Whitehill Karoo, 3000 ft. 11 April 1925. 

Fruticulus diffusus alt. paucae unciae, caulibus juvenibus foliis calycibusque squamulis adpressis albis plus 
minus tectis. Caules juvenes teretes brunnei, maturi fere nigri. Folia alterna sessilia lineare-lanceolata, supra 
suleata, obtusa, laete virentia, long. 3-5 lin., lat. 1/3-1/2 lin. Flores singuli in ramulsis brevibus lateralibus, inter 
folia sessilia. Sepala ovata acuta flava, supra glabra, long. 3 lin., lat. 1} lin. Staminac. 20. Styli 5. 

Very distinct from previously known species and apparently rare. The time of flowering may account for its 
not having been previously collected. 


Galenia fruticosa Sond. 
2932. Karoo Garden, Whitehill. 1 Nov. 1924. 
3540. 13 Oct. 1929. 


G. papulosa Sond. 
3596. Karoo Garden, Whitehill. 13 Oct. 1929. 


G. portulacacea Fenzl (?). 

2923. Karoo Garden, Whitehill, 1 Nov. 1924. 

3176. ” a 27 Oct. 1926. 

3605. s “4 30 Oct. 1929. 

Closely related to G. sarcophylla Fenzl, which occurs in Great and Little Namaqualand and the N.W. Cape Pro- 
vince. The type of G. portulacacea was one of the few plants collected (fide Sonder) by Drege “ at Driekoppen and 
Jakhalsfontein,” these localities being comparatively near Whitehill. I have not seen the type, but my plants agree 
sufficiently well with the description except that the number of stigmas is usually 5. 

secunda Sond. 
3604. Whitehill Karoo. 30 Oct. 1929. 
Limeum aethiopicum Burm. é 

2931. Karoo Garden, Whitehill. 1 Nov. 1924. 
*Psammotropha quadrangularis Fenzl. 

2688. Top of Witteberg, 5000 ft. 31 Oct. 1924. 

Tetragonia arbuscula Fenzl. 
3607. Whitehill Ridge, south side, 3200 ft. 30 Oct, 1929, 


T. echinata Ait. 

2907. Karoo Garden, Whitehill. 15 July 1923. 

3253. Bed of Baviaans River, Whitehill. 8 Aug. 1927. 
T. fruticosa L. (?). 

2899. Karoo Garden, Whitehill. 10 Aug. 1924. 

3231. 8 Aug. 1927. 

The specimen apparently belongs to the var. lanceolata Fenzl, 
T. robusta Fenzl (?). 

2920. Karoo Garden, Whitehill. 1 Nov. 1924. 
T. sp. indet. 

2828. Karoo Garden, Whitehill. 15 July 1923. 

Near T. arbuscula, but distinct from that species. 


AIZOACEAE, SECTION MESEMBRYEAF. 
(I am indebted to Mrs. L. Bolus, Curator of the Bolus Herbarium, for determining the numerous species by which 
this section is represented in the Whitehill and Matjesfontein district. The comments are mine.) 


Aridaria brachiata L. Bolus. 
L. Bolus in Herb. Bolus 19024, 


A, defoliata N. E. Br. in Journ, Bot., p 141, 1928. 
Compton in Herb. Bolus 19011. 
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A. nitida N. E. Br. in Journ. Bot., p. 143, 1928. 
J. D. Logan in Hort. Pillans 1588. Compton in Herb. Bolus 19020. 
Abundant in the Whitehill Karoo. WL. 525. 
A. noctiflora N. E. Br. in Journ. Bot., p. 143, 1928. 
Archer 123 in Herb. Bolus. 
Abundant in the Whitehill Karoo. 
A. resurgens L. Bolus, Notes Mes., i, p. 66, 1928. 
Archer 82 in Herb. Bolus. Pillans 969. 
Locally frequent in the Whitehill Karoo, A remarkable species with a tuberous rootstock, the aerial portions 
disappearing entirely in the summer. ; 
A. tetragona L. Bolus in Fl. Pl. S, Afr., vii, sub. tab. 258, 1927. 
Karoo Garden, Whitehill. Compton in Herb. Bolus 19013. 


A. sp. indet. 
Section Splendentia. 
Compton, Nat. Bot. Gardens, 146/29. 

A. sp. indet. 
Archer 113 in Herb. Bolus. 

Cephalophyllum acutum L. Bolus in 8. Afr. Gard., May 1928 
Pillans in Herb. Bolus. 

UC. curtophyllum N. E. Br. in Journ. Bot., p. 327, 1928. 
Pillans in Herb. Bolus. Compton in Herb. Bolus. 
Abundant in the Whitehill Karoo. WL. 479. 

C. paucifolium L. Bolus, Notes Mes., ii, p. 51, 1929. 
Compton, Nat. Bot. Gardens, 1090/28. 

Cephalophyllum platycalyx L. Bolus in S. Afr. Gard., p. 156, 1928 
Pillans in Herb. Bolus 15946. 

C. sp. indet. 
F. Bolus, Nat. Bot. Gardens, 2067/14. 

Cheiridopsis cigarettifera N. E. Br. in Gard. Chron., p. 425, 1926. 
Compton, Nat. Bot. Gardens, 1412/27. 
Abundant in the Whitehill Karoo, its bright yellow flowers making a conspicuous display in early spring. 


C. sp. indet (near C. Breacheae L. Bolus). 
Pillans 1613. 
C. sp. indet. 
Archer 40 in Herb. Bolus. 
Conophytum praecinctum N. FE. Br. 
Pillans and Compton in Nat. Bot. Gardens, 415/20 (=Herb. Bolus 15933). 
C. sp. indet. (cf. C. minimum). 
Herb. Bolus 13416. 
Cryophytum aureum 1. Bolus, Notes Mes., ii, p. 32, 1928. 
H. Bolus 13412, L. Bolus 18850, and Compton in Herb. Bolus. 
Locally frequent in the Whitehill Karoo. 


C. excavatum L. Bolus, Notes Mes., ii, p. 32, 1928. 
Abundant on the football field and elsewhere at Matjesfontein. WL. 528. 
C. nodiflorum L, Bolus, Notes Mes., i, p. 131, 1928. 
Occasional in the Whitehill Karoo, 
C. cleistum L. Bolus, Notes Mes., ii, p. 151, 1929. 
Compton in Herb. Bolus 19003 ™ 
Abundant, forming a dense erect growth in the brackish silt of the bed of the Baviaans River. Anerect and often 
strict annual with a very small white flower. 
C. crystallinum N. E. Br. in Phillips, Gen. S. Afr. Pl., p. 245, 1928. 
Abundant in the silt of the bed of the Baviaans River at Whitehill. 
Cylindrophyllum calamiforme Schwantes in Zeit. Sukk., i, p. 19, 1927. 
Frequent in the Whitehill Karoo, forming local societies. WL. 321. 


Delosperma suhincana L.. Bolus, Notes Mes., i, p. 135, 1928. 
Compton in Herb. Bolus 19023. 
Frequent in the Whitehill Karoo. 


Drosanthemum brevifolium Schwantes in Zeits. Sukk., i, p. 30, 1927. 
Compton in Herb. Bolus 19021. 
Frequent in the Whitehill Karoo. WL, 483. 
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D. Comptonii L. Bolus, Notes Mes., ii, p. 153, 1929. 
Compton in Herb. Bolus 18989. 


D. sp. indet. 
Archer 42 in Herb. Bolus. 


D. sp. indet. 
Archer 43 in Herb. Bolus. 
Echinus apiculatus 1. Bolus in FI. Pl. 8. Afr., vii, pl. 266, 1927. 


Archer 44 in Herb. Bolus. 
Abundant on quartzitic outcrops in the Whitehill Karoo, but absent from the shales and conglomerates. 


Gibbaeum gibbosum N. E. Br. ? 
Pillans 887 in Herb. Bolus. 
perviride N. F. Br. 
Abundant on the “ white band ” of gypsum shale at the junction of the Dwyka and Ecca formations, and 
apparently limited to this situation. 
Glottiphyllum sp. indet. 
Rare in the Whitehill Karoo, near Rietfontein. 
Watkin, Nat. Bot. Gardens, 439/27. 
Hymenocyclus sp. indet. 
Compton in Herb. Bolus 19025. 
Abundant in the brackish silt of the bed of the Baviaans River at Whitehill. 
Leipoldtia constricta L. Bolus in Fl. Pl. 8. Afr., vii, tab. 256, 1927. 
Compton in Herb. Bolus 19015. 
* Mesembryanthemum altigenum L. Bolus in Ann. Bolus Herb., iv, p. 87, 1927. 
3075. Witteberg, 3000-5000 ft. 28 Oct. 1926. 
M. divergens L. Bolus. 
Pillans 949 in Herb. Bolus. 


M. Haworthii Don. 
Occasional, but conspicuous in the Whitehill Karoo. WL. 526. 


*M. Henrici L. Bolus. 
Compton, Nat. Bot. Gardens, 762/23. 
Witteberg, occasional on the north slope, 4000 ft. WL. 522. 
*M. montaguense L. Bolus. 
Compton, Oct. 1928, in Herb. Belus. 
Witteberg. WL. 523. 
M. spinosum L. 
L. Bolus, Oct. 1928, in Herb. Bolus. 
Very abundant on moderately deep Karoo soils in the district. 
M. uniflorum L. Bolus. 
Very abundant in local patches in the Whitehill Karoo. WL. 486. 
Psilocaulon granulicaule N. E. Br. in Gard. Chron., Ixxxiv, p. 254, 1928. 
Compton in Herb. Bolus 18593. 
Matjesfontein, occasional. 
P. squamifolium N. E. Br. in Gard. Chron,, Ixxxiv, p. 254, 1928. 
L. Bolus, Oct. 1928, in Herb Bolus. 
P. simile N. E. Br. in Gard. Chron., Ixxxiv, p. 254, 1928. 
L. Bolus, Oct. 1928. in Herb. Bolus. 
P. utile L. Bolus, Notes Mes., ii, p. 157, 1929. 
Compton in Herb. Bolus 19005. 
Abundant in the alkaline silt of the bed of the Baviaans River, and elsewhere in disturbed ground on the 
Whitehill Karoo. 
P. sp. indet. (? P. Levynsiae 1. Bolus). 
Archer 169 in Herb. Bolus. 
thinephyllum Comptonii L. Bolus in S. Afr. Gard., p. 370, 1928. 
Compton, Nat. Bot. Gardens, 1788/28. 
Occasional in the Whitehill Karoo, e.g. 1 car Rietfontein. 
Rhinephyllum Pillansii N. EF. Br. in Gard. Chron., Ixxxii, p. 92, 1927. 
Archer 57 in Herb. Bolus, 
Ruschia approximata Schw. in Zeits. Sukk., p. 187, 1926. 
Archer 124 in Herb. Bolus. WL. 529. 
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R. crassa Schw. in Zeits. Sukk., p. 187, 1926. 
Occasional in the Whitehill and Matjesfontein Karoo. WL. 455. 


R. grisea Schw. in Zeits. Sukk., p. 187, 1926. 
L. Bolus, Oct. 1928, in Herb. Bolus. Compton in Herb. Bolus 19017. 


R. seclusa L. Bolus, Notes Mes., ii, p. 44, 1929. 
L. Bolus in Herb. Bolus 18867. 


R. karooica L.. Bolus in 8. Afr. Gard., xvii, p. 239, 1927. 
Compton, Nat. Bot. Gardens, 845/22. Herb. Bolus 13454. 
Locally abundant in rocky outcrops in the Whitehill Karoo. Flowers usually purple, sometimes pale mauve. 
WL, 482. 
R. laxipetala L. Bolus, Notes Mes., ii, p. 44, 1929. 
L. Bolus in Herb. Bolus 18868. 


R. leucanthera L. Bolus in 8. Afr. Gard., xvii, p. 239, 1927. 
R. J. K. Russell, Nat. Bot. Gardens, 8/24. WL. 477. 


R. sp. indet. (near 2. mucronifera L. Bolus). 
Compton in Herb. Bolus 19016. 
Occasional in the Karoo Garden and elsewhere at Whitehill, flowering just after Mesem. spinosum, which it 
much resembles. 


R. nana L. Bolus, Notes Mes., ii, p. 75, 1929. 
Herb. Bolus 13417. 
Ruschia pygmaea, Schw. 
F. J. Cook, Nat. Bot. Gardens, 1730/22. 
Locally abundant in the Whitehill Karoo, especially on firm rocky slopes facing south. Dries up completely 
at the beginning of summer. 


R. stellata L. Bolus, Notes Mes., i, p. 140, 1928. 
Compton, Nat. Bot. Gardens, 1414/27. 
Occasional in the Karoo Garden, Whitehill. The calyx ribs persist after the disappearance of the capsule, 
forming a small spiny 5-pointed star. 


R. uncinata Schw. in Zeits. Sukk., p. 187, 1926. 
L. Bolus, Oct. 1928, in Herb. Bolus. 
*R. wittebergensis Schwantes. 
Compton, Nat. Bot. Gardens, 1920/24. Summit of the Witteberg, 5000 ft. WL. 521. 
R. sp. indet. 
Compton, Nat. Bot. Gardens, 1828/24. Witteberg. 
Sceletium Archeri L. Bolus, Notes Mes., ii, p. 16, 1928. 
Archer in Herb. Bolus 18848 ; Compton in Herb. Bolus 19019. 
Abundant on the south face of Whitehill Ridge and elsewhere in the district. 
Trichodiadema decorum Schw. (?). 
Pillans in Herb. Bolus 10697. 
T’. mirabile Schw. in Zeits. Sukk., p. 188, 1926. 
Archer 107 in Herb. Bolus. 
Frequent in the district, forming compact clumps in rock-crevices facing north. 


T. setulifera Schw. in Zeits. Sukk., p. 188, 1926. 
Compton in Herb. Bolus 19026. 


T. stellatum Schw. in Zeits. Sukk., p. 188, 1926. 
Compton, Nat. Bot. Gardens, 244/22. , 


PORTULACACEAE. 
Anacampseros filamentosa Sims. (?). 
Occasional in rock-crevices in the Whitehill Karoo. 
A. papyracea Mey. 

Frequent on rocky outcrops in full sun in the Whitehill Karoo, and occurring on dark-coloured stones as often as 
among white quartz fragments. WL. 328. 

This plant has been regarded as cleistogamous. Schénland (Rec. Alb. Mus., i, p. 50, 1903) states that it “ never 
produces open flowers.” This is, however, not the case at Whitehill, for in November 1926 I saw several plants with 
open flowers shedding pollen. The corolla is campanulate and pale green in colour. Mr. Archer informs me that 
he has several times seen open flowers. 


A. Telephiastrum DC. 
Rock-crevices in partial shade in the Whitehill Karoo, occasional. WL. 340. 
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CARYOPHYLLACEAE. 
*Dianthus Bolusii Burtt-Davy. 
Collected by Prof. Adamson on the Witteberg, 4000 ft. 14 Noy. 1925. 
Compared with Burtt-Davy’s type (Bolus 5126, Tulbagh Waterfall), of which it is a fair match except for more 
slender leaves and stem and the 1-flowered peduncles ; these differences being such as would be expected as a result 
of the more arid climate. Tyson 803, from Hex River Valley, is intermediate in form as in locality. 


D. micropetalus Ser. 

2926. Karoo Garden, Whitehill. 1 Nov. 1924. 

3589. 13 Oct. 1929. 
ve. Determined with some hesitation. The calyx is less than 2 cm. long and the lacerate petals are exserted 4-5 mm, 
Apparently near to some forms of D. Pearsonii Burtt-Davy. 


*D. Pearsonii Burtt-Davy. 

2771. Witteberg (Whl.), in drift sand, 5000 ft. 10 Jan. 1925. 

A good match of the type (Pearson 7856, Great Karasberg, in Herb. Kew.) and of Pearson 7854 and Schlechter 
11392 determined by Burtt-Davy, but is somewhat smaller and has deep red petals. If my determination be correct, 
this represents a considerable extension of the range of the species. A doubtful specimen from the Sutherland Diy. 
(Burchell 1375 in Herb. Kew.) may be a connecting link. 


it *Pollichia campestris Soland. 
2965. Witteberg, 3000 {t., on rocks at the foot of a kloof. 19 April 1925, 


Silene Burchellii var. pilosellaefolia Sond. 
3611. Whitehill Ridge, south side, 3200 ft. 30 Oct. 1929. 


MENISPERMACEAE. 
ely Cissampelos capensis Thbg. 
3546. Karoo Garden, Whitehill, among shady rocks. 13 Oct. 1929, 


LAURACEAE. 
4 *Cassytha ciliolata Nees. 
2708. Witteberg, 3500 ft. 31 Oct. 1924. 
Parasitic on many different hosts. 
PAPAVERACEAE. 
Corydalis vesicaria Pers. 
3508. Whitehill Ridge, south slgpe, 3000 ft. 12 Aug. 1929. 
CRUCIFERAE. 
*Brachycarpaea laxa Sond. 
2702. Witteberg, 4500 ft., in sand drifts. 31 Oct. 1924. 
Heliophila abrotanifolia Banks. 

2574. Foot of Witteberg, 3000 ft. 5 Aug. 1923. 

H. suavissima Burch. and H. sulcata Conr. are closely allied and may prove to be identical. Compton 2574 has 
slightly toothed leaves, but in Compton 3064 (Tweedside, 30 Sept. 1926) the leaves are entire: I do not doubt the 
specific identity of the two gatherings, however. 

H. amplexicaulis L.f. 

2570. Foot of Witteberg, 3000 ft. 5 Aug. 1923. 

2575. Matjesfontein, 3000 ft. 5 Aug. 1923. 

A most variable annual. 2570 is unbranched, about 3 in. high. 2575 is branched and 12-14 in. high. 

H. arabidea Schltr. 

3244. Bed of Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927. 

A good match of the type, Schlechter 8724 (Koudeberg, 2500 ft.). 
*H. bulbostyla P. E. Barnes n. sp. 

Herba annua, e basi ramosa, suberecta, 1-pedalis ; ramis laxe foliatis prope bases, glabritis, subteretibus ; foliis 
viridis, pinnatipartibus, glaberrimis, erecto-patentibus, 14-24 poll. longis; segmentis ad 1 lin. latis, subremotibus, 

- subteretibus, acutis, incrassatis, pinnis utrinque 3-4; racemis laxis plurifloris ramosis ;_ pedicellis filiformibus, 2 lin. 
longis, erecto-patentibus ; floribus parvis, 2-24 lin. longis; calycis angustis, 1}-14 lin. longis, roseo-fulvis, hyalino- 
th marginatis ; petalis caeruleis albis basibus, obovatis, 1-1} lin. latis ; staminibus erectis, filamentis filiformibus glabris, 
at brevioribus 2 squamella minuta basi ornatis ; stylo globoso, glabro, stigmate parvo capitato piloso ; siliquis erecto- 


patentibus, rectis, anguste linearibus vel leviter moniliformibus, 14-2 poll. longis, ad 1 lin. latis, stylis grandibus 
bulbosis. 

3659. Witteberg Valley, 3500 ft. 12 Oct. 1929. 

Well characterised by the style, which is remarkably thickened and globose in the fruiting condition. (R.H.C.) 
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H. crithmifolia Willd. 

2573. Foot of Witteberg, 3000 ft. 5 Aug. 1923. 

2850. Karoo Garden, Whitehill. 15 July 1923. 

3057. 29 Sept. 1926, 

3499. Whitehill, sandy hollows. 12 Aug. 1929. 

3679. Karoo Garden, Whitehill. 9 Oct. 1930. 

Miss P. E. Barnes, who is revising the genus Heliophila, concludes that H. crithmifolia Willd. and H. chamaemeli- 

folia Burch. are synonymous. The earlier specific name is here adopted for these plants. 


H. namaquana Bolus. 
2572. Foot of Witteberg, 3000 ft. 5 Aug. 1923. 

Compared with the type, Bolus 6517 from Naries, Little Namaqualand (in Herb. Kew. and Herb. Bolus). One 
of the Kew specimens is 12 in. high, branched ; the other only 5 in. high and simple. My plants are less than 3 in, 
high. They area very good match of Schlechter 8633 (Pakhuisberg, 2800 ft.) some specimens of which were distributed 
as “ var. minor Schitr.”’ (? unpublished). Schlechter 8814 (Ezelbank, 4000 ft.) was also distributed as ** H. namaquensis 
Bolus,” and so were some specimens of 8633. Bolus describes H. namaquana as being a “glabrous” herb. As a 
matter of fact, all the gatherings here quoted and also my own plantsand Pearson 6528 and 6706 (from the Khamiesberg) 
bear a few long hairs at the base, as do Bolus’s type specimens. 

H. pectinata Burch, 
3521. Whitehill Ridge, south slope, 3000 ft. 12 Aug. 1929. 
*H. suavissima Burch. 
"3573. Witteberg, 3500 ft. 12 Oct. 1929. 
See note under H. abrotanifolia. 


H. sp. indet. 
2909. Karoo Garden, Whitehill. 15 July 1923. 
Perhaps H. brachycarpa Meisn., but I have not seen the type, and there is no material placed in this species at 
Kew nor in the Bolus Herbarium ; and the locality is not good, H. brachycarpa coming from near Uitenhage. Fruit 
is absent, and I therefore give no description of this plant. 


Lepidium desertorum E. & Z. 

3259. Bed of Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927, 
*Lepidium ruderale L. 

2576. Kloof in Witteberg, 3200 ft. 5 Aug. 1923. 


CRASSULACEAE, 
Cotyledon glutinosa Schoéul. 
Rare and local in the Whitehill Karoo. WL. 421. 


C. hemispherica L. 
Occasional in slight shelter in the Whitehill Karoo. 


orbiculata L. 
Two or three forms or varieties of this polymorphic species occur in the Whitehill Karoo and around Matjesfontein. 
WL. 68 and 456, 
(. paniculata Thbg. 
Locally abundant, especially near the foot of the Witteberg, but less so than further west. 


(. Phillipsiae Marloth. 
Ngaap Kop, south aspect, 3500 ft. WL. 182. 
C. Pillansii Schon. 
Rare at Whitehill, only two or three specimens having been noticed. WL. 69. 


C. reticulata Thbg. 
Frequent in the Whitehill Karoo. WL. Ml. 


C. rhombifolia Haw. 
Frequent in the Whitehill Karoo. WL. 136, 
C. trigyna Burch. 
Frequent among stones in the Whitehill Karoo. WL. 137. 


C. ventricosa Burm. 
Karoo Garden and elsewhere in the Whitehill Karoo, occasional. WL. 175. 


C. Wallichii Harv. 
Very abundant in the district, more so than C. paniculata. Where the two species occur together, but not other- 
wise, an obvious hybrid is often to be found. WL. 151. 


C. sp. indet. 
A beautiful and distinct species with erect orbicular leaves undulate at the upper margin and a panicle of hand- 
some pendent red flowers. Commonly referred to as ‘ C. coronata,”’ which appears to be a nomen nudum. WL, 70. 
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*Crassula alpestris Thbg. (non Harv.). 

2744. Witteberg, north slope, 3500 ft. 31 Oct. 1924. 

See Britten and Baker, Journ. Bot., xxxv, p. 479, 1897. C. alpestris Harv., of which the type is at Kew, is quite 
a different plant. 

Other gatherings of C. alpestris Thbg. are Phillips 7495, 7643, and 7649 (Giftberg,), Schlechter 8663, Rogers 
16402 (Orchard Siding in Herb. Bolus ; between Osplaats and Tunnel Siding in Herb. Kew.). Schénland (Ree. Alb. 
Mus., i, pp. 66, 67, 1903) regards the following plants as conspecitic: C. Massonii Britt. and Bak. f.; C. veriabilis 
N. E. Br. ; C. alpestris Thbg.; C. multiceps Harv. See also Schénland in Trans. Roy. Soc. 8. Afr., xvii, p. 284, 1929. 1 
do not share this view, but regard C. Massonii and C. variabilis as quite distinct. Of C. multiceps 1 know nothing. 
Both C. Massonivi and C. variabilis occur in the Whitehill district. C. Massonii is represented by Archer 136 in Herb. 
Bolus (and also by Trollip, Nat. Bot. Gardens, 3109/15, Ceres Diy., in Herb. Bolus); C. variahilis by Compton 3203 
from the Karoo Garden. 


C. Archeri Compton n. sp. 

Section Pyramidella. Fruticulus perennis erectus vel decumbens, iterum atque iterum florens. Caulis lateraliter 
germinans dense foliis expansis decussatis imbricatis vestitus. Folia basi connata long. c. 3$ lin., lat. c. 3} lin. Capitula 
terminalia subglobosa diam. c. 1 in., et alia capitula lateralia minores in ramulis brevibus axillaris. Calycis segmenta 
oblonga obtusa long. 1 lin., lat. 4 lin., alba, tubo distincto conjuncta, marginibus per totum ciliatis. Corolla gamopetala 
alba aut roseo-tincta, tubo long. 1 lin., segmentis lineare-oblongis expansis, long 3 lin., lat. $ lin. Filamenta gracilia 
alba long. 1 lin. Squamae obcuneatae truncatae aut leviter emarginatae, succulentae rubrae, long. 13 lin., lat. } lin. 
Stigmata sessilia. 

Marloth 2518 (Laingsburg), Lamb in Herb. Bolus (Grootfontein), Phillips 9277 in Herb. 5.A. Mus., Pillans (cult. 
specimens sine num., partly), Also figures in Marloth, Das Kapland, fig. 88, No. 1, p. 226, and in Marloth, Fl. S. Africa, 
ii, fig. 7 (not pl. 5 B, which is C. guadrangula). 

C. pyramidalis var. ramosa Schon. (in Engl. Jahrb., xly, p. 258) in part. See also Schénland in Trans. Roy. Soe. 
S. Afr., xvii, p. 282, 1929. 

From C. pyramidalis Thbg. this ditfers in the greater stature and size of the leaf-clad branches, in the greater 
size of the leaves themselves, in the larger flower-heads and larger corolla, in the type of branching which is lateral 
rather than forking, and in the presence of lateral axillary short flowering branches in addition to the terminal flower- 
heads. It is apparently confined to the Western Karoo. 


C. barbata Thbg. 
3051. Whitehill Ridge, south side, 3200 ft. 26 Sept. 1926, 


C. canescens Schult. 
Frequent in rock-crevices in the Whitehill Karoo. WL. 135. 
The Whitehill plants do not agree well with the description of C. cephalophora Thhbg. in Thbg. FL. Cap., p. 285, to 
which Britten and Baker (Journ, Bot., xxxv, p. 480) and Schénland (Trans. Roy. Soe. 8. Afr., xvii, p. 276) refer C. 
canescens. 


C. columnaris L. 
Abundant in the Whitehill Karoo on open stony ground in full sunlight. WL. 147 and 260, 


C. Cotyledon Jacq. 
Locally abundant on quartzite rocks in the Whitehill Karoo and at the foot of the Witteberg, usually facing 
north. WL. 67. 


C. cultrata L. 
2748. Whitehill, Karoo flats, 3000 ft. 10 Sept. 1924. 


C. deltoidea Thbg. 
A beautiful species, infrequent in the Whitehill Karoo. WL. 184, 335, According to Schénland (Ark. f. Bot., 
xxi, A, p. 7, 1927; and Trans. Roy. Soc. S. Afr., xvii, p. 211, 1929) this is the species which N. E. Brown re-des¢ribed 
as C. rhomboidea. C. deltoidea Harv. is a Namaqualand plant, very distinct from the Karoo plant; Schénland renamed 
it C. arta Schénl. 


C. divaricata FE. and Z. 

3164, Karoo Garden, Whitehill. 27 Oct. 1926. 

I have not seen the type, which came from ** Karoo, behind the Long Kloof, George.” My plant agrees with 
Rogers 16313 from Pietermeintjes. A Namaqualand plant which differs slightly in general physiognomy and in the 
floral characters has been identified as C. divaricata by Schénland. (Schlechter 42 from Steinkopf, and Scully in Herb, 
Bolus. Pillans in Herb. Bolus 18025 from Wallekraal is the same.) The geographical evidence, as far as it goes, is in 
favour of the Whitehill plant being the true C. divaricata. 1 strongly suspect that the Namaqualand plant is ©. 
Whiteheadii Harv. See Schonland, Trans. Roy. Soe. 8. Afr., xvii, p. 228, 1929. 


C. hemispherica Thhbg. 
Fairly frequent under bushes in the Whitehill Karoo. WL. 146, 382, 336, 


C. Loganiana Compton n. sp. 

Section Sphaeritis. Fruticulus erectus virgatus alt. ¢. 9 in., caules plerumque basi ramosi, tenues rigidi, infra glabri, 
supra minutissime puberuli, juvenes diam. c. 1/3 lin., rubri tum nigrescentes. Folia glabra, laete virentia, marginibus 
apice rubro notatis, opposita, juventute leviter connata, marginibus obsoletis, infra convexissima, supra plano-convexa, 
decussata, internodiis long. 1-8 lin., erecto-patentia, long. 3-4 lin., lat. 2 lin., crass. 14-2 lin., facile caduea. Folia 
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superiora minora, internodiis longioribus, in bracteis gradatim transeuntia. Inflorescentia parva panicula. Flores 
essiless pauci (3-8) in cymis pedunculatis. Bracteae, bracteolae calycesque minute puberulae. Sepala long. 2/3 lin., 
viridia succulenta, ovata obtusa, dorso convexo, marginibus breviter ciliatis. Petala long. 14 lin., lat. 3 lin., apice 
Squamae obcuneatae, succulentae, integrae, long. et lat. 4 lin., aurantiacae. Stamina 


canaliculata, glabra, albida. 
Carpellae glabrae, stigmatibus sessilis. 


basi corollae inserta, filamentis long. 2/3 lin., antheris flavis long. } lin. 
3199. Karoo Garden, Whitehill. 21 Noy. 1926 (Archer 248). 
3339. 19 Nov. 1928. 
Allied to C. subaphylla, with which it is associated at Whitehill, but readily distinguishable by the shorter green 
stem-leaves, the shorter internodes and peduncles, the shorter filaments and the obcuneate fleshy squamae. An 
attractive species which I dedicate to the late J. D. Logan, the donor of the land for the Karoo Garden, where this 


plant is abundant. 


C. lycopodivides Lam. 
Fairly frequent in the Whitehill Karoo. WL. 148, 330, 343. 
C. Massonii Britt. and Bak. f. 
Archer 136, Whitehill Karoo. Oct. 1925, 
See notes under C. alpestris. 
natans Thhg. 
3056. Witteberg, on wet rock-ledge in kloof, 3300 ft. 28 Sept. 1926. 
A very small form of the species. The carpels are uniovulate. 


C. nudicaulis L. 
3345. Karoo Garden, Whitehill. Oct. 1928, 
3628. Whitehill Karoo, 3000 ft. 31 Oct. 1929. 
Also Archer 175, Karoo Garden. 
C. obvallata 
2911. Karoo Garden, Whitehill. 6 Aug. 1923. 
3227. Aug. 1927. 
Apparently a dwarf form of this species. The leaf margins are not ciliate, and the leaves and stems are always 
reddish. 
C. congesta N. E. Br. 
Uncommon in the Whitehill Karoo, being confined to quartzite outcrops fully exposed to sun. WL. 240. 
C. laticephala Schinl. has kept quite distinct from C. congesta in cultivation in the Karoo Garden. I cannot 
agree with Schénland’s view (Trans. Roy. Soe. 8. Afr., xvii, p. 282, 1929) that the two species are identical. 
C. perfossa Lam. 
Locally abundant on steep northern rocky slopes in the Karoo. WL, 140, 310. 
C. platyphylla Harv. 
3206. Karoo Garden, Whitehill. Nov. 1926. 
3344. 19 Nov. 1928. 
Quite distinet from the Whitehill plants which I have called C. obvallata. (See Schénland, Trans. Roy. Soe. 8. Afr., 
xvii, p. 275, 1929.) 
C. Purcellii Schénl. 
3207. Karoo Garden, Whitehill. Dec. 1926. 
3340. 19 Nov. 1928. 
Compared with the type in the Albany Museum, collected by Purcell at Matjesfontein and grown at Grahamstown. 
A frequent species in the Whitehill Karoo, where it occurs characteristically on the patches of hard quartzite in 


the Dwyka formation. 


C. pyramidalis Thhg. 

Archer 111, Whitehill Karoo. 

A great deal of confusion has occurred/in connexion with this plant and other allied species, but it is now possible 
to clear this up with some degree of certainty. 

Thunberg first collected C. pyramidalis at ** Olyfant’s Rivier orientalem, prope thermas,” and figured and de- 
scribed it in the Nova Acta Nat. Cur., vi, p. 83G, tab. 5, 1778. From Thunberg’s Travels, ii, p. 97, it is clear that the 
Olyfants River meant is the one flowing near Oudtshoorn. This plant is locally abundant near Oudtshoorn, as I 
observed in 1928, and Thunberg’s drawing is an excellent representation of it. Schénland (Arkiv f. Bot., xxi, A, 
No. 16, p. 10, 1927) saw Thunberg’s type specimens at Upsala, and wrote: ** The specimens areelongated branched forms 
such as are found commonly in the neighbourhood of Matjesfontein ’’: but Schénland does not state which of the two 
branched Matjesfontein plants he means, and it is probable that he does not clearly distinguish them ; for in an earlier 
publication (Engl. Jahrb., xlv, p. 258, 1911) he defines his ** C. pyramidalis var. ramosa,” quoting Macowan 1852 
(Matjesfontein) and Marloth 2518 (Laingsburg), and also Marloth’s photograph in ‘* Das Kapland,” fig. 88, No. 1. Of 
these Macowan 1852 is the true C. pyramidalis Thbg., but the Marloth plant and figure are of a quite distinct species, 
which I am now describing as C. ArcheriCompton. Schénland in 1911 (loc. cit.) also thought that C. pyramidalis was a 
small unbranched plant (quoting Macowan 472 and Hooker's figure in Bot. Mag., t. 7665); but he revised his opinion 
in 1927, writing: ‘* The type is, therefore, not the small really pyramidal form, which has a more eastern distribution.” 
This latter plant is really C. quadrangula (E. & Z.) Endl. See also Schénland in Trans. Roy. Soc. S. Afr., xvii, p. 284, 
1929. 
Thunberg’s original description of C. pyramidalis was copied in L.f. Suppl., p. 189, 1781; Thbg., Prod., p. 56,1794; 


4 ; 
/ 
= 
Dep 
de 


his 


The Flora of the Whitehill District. 291 


and amplified in Thbg., Fl. Cap., p. 287, 1823. Harvey introduced confusion into the species by sinking Tetraphyle 
quadrangula FE. & Z. init; though probably the mistake was made earlier, for the specimens in the Herb. S.A. Mus. 
labelled ‘* E. & Z. 1863, Tetraphyle pyramidalis Thbg.,” and quoted as this by Harvey, are in reality C. quadrangula. 

C. pyramidalis Thbg. is also represented by Macowan 1852 (Matjesfontein) and Macowan in Herb. 8.A. Mus. 
35910. It is a perennial plant, branching in a forking manner, reaching about 4 in. high, and flowering several 
times. The leaves are connate, about 1} lin. long and 1} lin. broad. The flower head is terminal, sub-globose, about 
} in. in diameter ; no lateral heads are present. The calyx segments are oblong, obtuse, their margins ciliate through- 
out, 1} lin. long and } lin. broad, white, lightly connate at the base. The corolla is gamopetalous, white or tinged with 
red, the tube ? lin. long, the segments linear-oblong, spreading, 2 lin. long and 1/3 lin. broad. The squamae are 
obcuneate, truncate or slightly emarginate, white, 1/3 lin. long and } lin. broad. The stigmas are sessile. 


C. quadrangula Endl. (Tetraphyle quadrangula E & Z.). 

Occurs sparingly in the Whitehill district, but has in general a Midland and Eastern distribution. The type, 
E. & Z. 1864, comes from the Klipplaat River, ** Tambukiland.’’ Other gatherings are Bolus 1958 (Somerset Dist.), 
Macowan 472 (between Vogel R. and Zuurberge), Bolus 13776 (Vlakplaats, Richmond Diy.), Pillans (cult. specimens 
sine num., partly), Macowan 1851 in Herb. S.A. Mus. (Matjesfontein). 

This species was apparently overlooked by De Candolle ; it was sunk by Harvey (Fl. Cap.) in C. pyramidalis 
Thbg. Hookerin Bot. Mag.,t.7665, figured and described it as C. pyramidalis; and Schénland (Engl. Jabrb., xlv, p. 257) 
took the same view, maintaining it in his most recent publication (Trans. Roy. Soc. 8. Afr., xvii, p. 283, 1929). Marloth 
(Fl. S. Afr., ii, pl. 5B) also figures it as C. pyramidalis, though his photograph in the same volume, fig. 7A, shows, under 
the same name, a quite distinct branching plant now described as C. Archeri Compton. 

C. quadrangula has a simple unbranched stem and flowers only once. The leaves are not connate, equilateral- 
triangular, about 3 lin. long and 3 lin. broad. The flower-heads are sub-quadrate, compressed among the upper leaves, 
about 7-8 lin. in diameter. The calyx segments are oblong-spathulate, 1} lin. long and 4 lin. broad at the tip, and are 
ciliate at the tip only. The corolla is markedly gamopetalous, fused for nearly half its length, the tube 1 lin. long, the 
segments oblong, white, 14 lin. long. The squamae are obcuneate, truncate, 1/3 lin. long and } lin. broad. 


*C. ramosa Thbg. 
2750. Witteberg, 5000 ft. 30 Nov. 1924. See Schénland, Trans, Roy. Soc. 8. Afr., xvii, p. 259, 1929. 


*C. rubella Compton n. sp. 

Section Sphaeritis. Fruticulus, alt. paucae unciae ad 1 ped., caulibus, foliis pedunculisque rubidis. Caules 
tenues, divaricati erecti rigidi, minute reflexo-puberuli, internodiis long. 1-3 lin. Folia decussata 4-6 ad caulis apicem, 
ovato-spathulata, obtusa, dorsaliter asymmetrice carinata, minute puberula, magnitudine ipso caule pervariabilia 
ad long. 5 lin., lat. 3lin. Pedunculi erecti tenues, alt. ¢. 3-5 in., bracteis decussatis parvis c. 6. Cymae terminales et 
paucae axillares, sessiles aut breviter pedunculatae, diam. c. 3 lin. Flores sessiles. Calyx long. 1 lin., segmentis ad 
medium conjunctis, oblongis obtusis crassis, dorso convexo pubescente, marginibus ciliatis. Petala alba, long. 14 lin., 
apice canaliculato, subapicale gibba, leviter basi connata. Filamenta libera, antherae inclusae. Squamae oblongae, 
leviter emarginatae, long. } lin., albae crassae. 

2820. Witteberg, 3000-5000 ft. 30 Nov. 1924, 

2892. Karoo Garden, Whitehill. 1 Dec. 1924. 

Fairly frequent on the Witteberg, and occasional on the Karoo in the district. The reddish coloration of the 
vegetative parts is constant. The leaves are so finely puberulous as to appear glabrous except under a lens; they 
apparently only persist for one season. 


C. Saxifraga Harv. 
2969. Witteberg foothills, 3000 ft. 19 April 1925. 


C. sealaris. Schénl. and Bak. f. 
Whitehill Ridge and Ngaap Kop, on southern slopes under rocks and bushes. WL. 333, 


C, subaphylla FE. and Z. 
3204. Karoo Garden, Whitehill. 21 Nov. 1926. 
Also Pillans in Herb. Bolus 10686 (cultivated specimens originating from Matjesfontein). 


C. Tayloriae Schénl. (?). 

3343. Karoo Garden, Whitehill. Oct. 1928. 

Also Archer 147, same locality, Oct. 1925. 

Determined e descr. Schénland later (Trans. Roy. Soe. 8. Afr., xvii, p. 276, 1929) sunk this in C. cephalophora 
Thbg. It is distinct from the Whitehill C. canescens q.v- 


C. tomentosa Thbg. 
3205. Whitehill Karoo, Novy. 1926, cultivated in the Karoo Garden. (Archer 228.) 


*(', Turrita Thhbg. (?). 

2819. Witteberg, 3500 ft., on shady moist rocks in a kloof. 30 Nov. 1924, 

Named with hesitation. The habitat is an unusual one for the species, and my plant has distinctly larger flowers 
than is usual. It may eventually prove to be new. 


*C. umbellata Thbg. 
2544. Witteberg, in sandy hollows of the rocks, 3500 ft. 5 Aug. 1923. 
A minute plant, red in all parts. C. alpina Endl. is synonymous. 
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C. variabilis N. E. Br. 
3203. Karoo Garden, Whitehill. 21 Nov. 1926. 
The original plants were sent by Macowan to Kew from Matjesfontein in the living state, and the type is in the 
Kew Herbarium. See notes under C. alpestris. 
C. Weissii N. E. Br. 
2512. Foot of Witteberg, in moist crevices, 3500 ft. 11 Aug. 1924. 
2545. Witteberg, in shady rock-crevices, 3200 ft. 
3520. Whitehill Ridge, south slope, 3200 ft. 12 Aug. 1929. 
A good match of the type, Weiss 14, Karoo at Matjesfontein, Aug. 1905, in Herb. Kew, The leaves are purple 
beneath, and the flowers are greenish white. 


C. sp. indet. 
3273, 3274. Karoo Garden, Whitehill. Oct. 1928. 
An undetermined species of the section Globulea. 
Pagella Archeri Schonl. 

Occasional in the Matjesfontein Karoo, one of the original localities, where it was found almost simultaneously 
by Mr. Archer, Mr. Frith, and myself ; while at almost the same moment it was discovered in the Montagu district by 
the late Miss Page. It only appears in wet seasons, in hollows where rain water has lain. Nobody saw the plant 
again in the Matjesfontein district until 1929, when the good winter rains again provided suitable conditions for its 
germination and growth. 


ROSACEAE, 
*Cliffortia baccans Hary. 
2582. Foot of the Witteberg. 5 Aug. 1923. 
2596. 11 Aug. 1924, 
Matches Drege’s type in Herb. Kew. 


*C. ruscifolia L. 
Occasional in the Witteberg range. 


*C. teretifolia Thbg. var. alata Compton n. var. 

2583. Kloof in the Witteberg, 3300 ft. 

2682. Foot of the Witteberg, near stream, 3500 ft. 31 Oct. 1924. 

2949. Kloof in the Witteberg (Whl.). 21 May 1925. 

Thunberg (Fl. Cap.) does not mention the fruit of his species. Harvey, however, states that the fruit is finely 
wrinkled between the six smooth ribs. In my plants, however, the fruits have three broad membranous wings, 
though in other respects they closely match Ecklon’s plant in Herb. Kew. quoted by Harvey. On this character 
therefore I found the var. alata. 


LEGUMINOSAE. 

Acacia Karoo Hayne. 

Abundant in the alluvial bed of the Baviaans River. 
Argyrolobium collinum FE. and Z. 

2808. Karoo Garden, Whitehill. 1 Dec. 1924. 

3303. 15 Oct. 1928. 

The specimens fall into the var. angustatum Harv. 

*Aspalathus aciphylla Harv. 
2683. Witteberg, 3500 ft. 31 Oct. 1924. 


3058. » 4000 ft. 28 Sept. 1926. 
3282. os south slope, 4000 ft. 14 Oct. 1928. 


The type of this species came from the Great Zwartberg and is represented by Bolus 11470 from the Zwartberg 
Pass, which agrees well with Harvey’s description and whose calyx and bracts match a fragment of Harvey’s plant 
preserved in the Herb. Bolus. With this my plants show sufficient agreement, but, perhaps owing to the drier habitat, 
they have rather shorter leaves and smaller flowers with fewer ovules in the ovary. 

Several closely related plants exist. A. munita Bolus, with very long acicular calyx lobes, comes from Houw 
Hoek (Schlechter 7435, and Guthrie in Hert® Bolus 6246). A plant with broad overlapping calyx segments and 
orbicular bracts may be 4. batodes FE. and Z. sunk by Harvey as A. aciphylla var. nana: the type of A. batodes is E. and 
Z. 1455 from the Caledon Zwartberg, and appears to be represented by Fourcade 1614 (Montagu Pass) and Galpin 
3935 (Muiskraal). Another plant from Elim (Bolus 6796, 6797) may again prove distinct. Finally, my Witteberg 
plant may eventually be regarded as specifically distinct from A. aciphylla, but I cannot certainly separate them at 
present. 

*4, divaricata Thbg. (?). 
2788. Witteberg, 4000 ft. 30 Nov. 1924. 
Very close to this species, but I think that it may eventually prove to be distinct and new. 


*4. hystric Thbg. 

Other gatherings of this plant have been made from Matjesfontein (F. and L. Bolus 13873), Zwartberg (Marloth 
2476, Bolus 11473), and Seven Weeks Poort (Phillips). The flowers are usually slightly larger than described by Harvey 
and the calyx segments are longer: Thunberg gave no dimensions. 
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*A, incomta Thbg. (?). 
2686. Witteberg, 5000 ft. 31 Oct. 1924. 
Named with hesitation from the descriptions by Thunberg and Harvey of the single specimen in the Thunberg 
Herbarium, for which no locality is given. The leaves of my plant are about 1} lin. long and the pubescence is 
apparently denser: but these features may be a response to drought and altitude. 


*A. microdon Benth. 
3286. Foot of the Witteberg, north slope, 3300 ft. 14 Oct. 1928. 
3575. Witteberg, 4500 ft. 12 Oct. 1929. 
The calyx and ovary are rather less hairy than usual, approaching A. adelphea in this respect. 


*A. nigra L. 
2651. Witteberg, 4500 ft. 31 Oct. 1924. 


*4, phylicoides Compton n. sp. 

Frutex erectus ramosus, alt. 3-4 ped., aspecto cinereo. Rami erecto-patentes, flexuosi, fere fasciculis foliorum 
celati. Ramuli juvenes pilis lanosis tecti. Folia in fasciculis densis e tuberculo barbato, aciculata, plerumque long. 
3-4 lin., lat. 1/3 lin., apice pungente recurvato, juventute laxe lanosa praeter apices glabros, partim maturitate glab- 
rescentia. Flores singuli in fasciculis foliorum sessiles. Calyx vix folia excedens, campanulatus, omnino lanoso- 
villosus, tubo long. 2 lin., diam. 3 lin., segmentis anguste triangulatis, elongato-acuminatis falcatis, long. 3 lin. 
Corolla flava. Vexillum angulo recto recurvum, unguiculo long. 2 lin., lamina orbiculata, supra villosa long. 5 lin., 
lat. 5 lin. Alae unguiculis long. 2} lin., laminis ellipticis long. 4 lin., lat. 2 lin., glabrae. Carina unguiculis angustis 
long. 3 lin., laminis long. 4 lin., glabra. Stamina long. 7 lin. Ovarium villosum long. 7 lin., angustum, ovulis 2 dis- 
coideis. Legumen ovato-lanceolatum, lanosum, long. 6 lin., seminibus 1-2. 

2562. Witteberg, south slope, 3500 ft. 16 July 1923. 

3325. i 4500 ft. 14 Oct. 1928. 

Other gatherings of this species are Bolus 11474 (top of Zwartberg Pass, 5000 ft., Dec. 1904), Rogers 16531 
(Pietermeintjes, Nov. 1919), Phillips (Seven Weeks Poort, 4000-5000 ft., Sept. 1912). 

A very distinct species, allied to A. hystrix and A. rigescens. The young shoots are suggestive of certain 
Phylicas, hence the specific name. 


*A. wittebergensis Compton and Barnes n. sp. 

Frutex depressus expansus, alt. ad 1 ped., ramosus sarmentosus. Caules juvenes lanato-pubescentes, maturi 
fusci, cortice rugoso fibrato. Folia fasciculata, sessilia, subteretia, acuminata vel. mucronulata, fere spinescentia, 
glabra vel leviter scaberula, long. 1-2} lin., lat. } lin. vel minus. Pulvini conspicui, dense griseo-lanati. Flores 
singuli vel bini, sessiles ad apices ramulorum lateralium brevium, long. 3 lin. Calyx tubo campanulato, leviter sulcato, 
rubro-lineato, pubescente, long. 1 lin., segmentis glabris, lanceolato-acuminatis, tubo aequalibus. Vexillum suborbi- 
culare, emarginatum, pubescens, long. 2} lin., flavum vel aurantiacum. Alaelong.2lin. Carina ad tubum androecii 
non adnata, long. 2lin. Ovarium 2-3 ovulis, pubescens, stylo curvato long. 2 lin. 

2795. Witteberg, 4500 ft. 30 Nov. 1924. 

2766. Summit of Witteberg (Whl.), 5000 ft. 10 Jan. 1925. 

3574. Witteberg (Mfn.), 4500 ft. 12 Oct. 1929. 

Near A. galioides L., but differs in having a hairy vexillum and differently shaped keel, hairy ovary and calyx 
tube, and calyx segments only half the length of the petals. From A. pedicillata Harv. (of which we have seen the 
type, Pappe 245 in Herb. S.A. Mus.) it differs in having hairy twigs, ovary hairy all over, non-pedicillate flowers, 
leaves not more than 2} lin. long and a hairy calyx tube: the calyx segments are similar. 


*Coelidium euchaetioides Dummer. 

2701. Witteberg. 31 Oct. 1924. 

3042. Witteberg, 5000 ft. 28 Sept. 1926. 

3185. Summit of the Witteberg (Whl.), 5000 ft. 28 Oct. 1926. 

3302. Witteberg, 4000 ft. 14 Oct. 1928. 

A good match of the type, Bodkin in Herb. Bolus 8966, Clanwilliam, Oct. 1897. 

A closely similar plant is Amphithalea villosa Schltr. (Schlechter 8850, Cold Bokkeveld, 4000 ft.), but the leaves 
are persistently hairy on the outer side and the bracts are different. The stamens of this plant, however, are free 
nearly to the base, very different from their condition in A. phylicoides FE. and Z., to which Schlechter compares it. I 
doubt whether Schlechter’s ascription of it to the genus Amphithalea is justified: the material is poor, however, and 
without fresh collections it is difficult to say whether it should be included in Coelidium. 


*Cyclopia brachypoda Phillips. 
2801. Witteberg, 5000 ft. 30 Nov. 1924. 


Indigofera cardiophylla Harv. 

2901. Karoo Garden, Whitehill. 10 Aug. 1924. 

2902. 15 July 1923. 

3052. Whitehill Ridge. 26 Sept. 1926. 

3235. Karoo Garden, Whitehill. 8 Aug. 1927. 

A very good match of the type in Herb. Kew., viz. Burchell 1245, which was collected in July 1811 “ at Yuk 
River or on Yuk River Hoogte,”’ a locality not far distant from Whitehill. It is possible that my plants are the only 
gatherings of this species since Burchell. Tyson 272, in Herb. Kew., and Bolus 1801la in Herb. Bolus, both referred to 
this species, appear to be distinct. : 
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Lebeckia pungens Thbg. 
2714. Matjesfontein Karoo, near stream-bed, 3000 ft. 31 Oct. 1924. 
3315. Matjesfontein Karoo, 3000 ft. 14 Oct. 1928. 
A very conspicuous thorny and almost leafless shrub with bright yellow flowers. The branches are finely 
pubescent and the legumes hairy. The Kew material is poor and the species is hitherto absent from the Herb. Bolus, 


Lessertia annularis Burch. 
3501. Whitehill, sandy hollows. 12 Aug. 1929. 


Melolobium candicans and Z. 
2829. Karoo Garden, Whitehill. 15 July 1923. (Flowering.) 
2935. 1 Noy. 1924. (Fruiting.) 
The straight pods of this plant, according to Harvey, distinguish it from M. canescens Benth. 


M. exudans Harv. 
2857. Karoo Garden, Whitehill. 15 July 1923. 


Psoralea oligophylla E. and Z. 
2592. Witteberg, in kloof, 3500 ft. 16 July 1923. 
2712. Matjesfontein, by stream. 31 Oct. 1924. 
Also collected by Prof. Adamson in a kloof in the Witteberg, 4000 ft. 14 Nov. 1925. 

*Rafnia opposita Thbg. 
2721. Witteberg, 4500 ft. 31 Oct. 1924. 
3576. 12 Oct. 1929. 
Apparently a drought form of this variable and widely distributed species. 

Sutherlandia frutescens R. Br. 
Karoo Garden and elsewhere in the Whitehill district, especially in dry stream-beds. A semi-prostrate variety. 


GERANIACEAE. 
Pelargonium abrotanifolium Jacq. 
2919. Karoo Garden, Whitehill. 1 Nov. 1924. 
3298. 15 Oct. 1928. 
3591. 13 Oct. 1929. 
Matches the type at Kew. A drought form of the species. 
P. alternans Wendl. 
2864. Karoo Garden, Whitehill. 15 July 1923. 
Abundant on quartzite rocks in the district. Matches material determined by Knuth. 


DP. Barklyi Scott-Elliott. 
2805. Witteberg, among dense vegetation on moist shady rocks in kloof, 3500 ft. (Mfn.). 30 Nov. 1924. 
3608. Whitehill Ridge, south aspect, 3200 ft. 30 Oct. 1929. 
The flowers are large, white striped with pink. 


*P. crispum Ait. 

3318. Witteberg, in kloof. 14 Oct. 1928. 

Collected in the Witteberg by Prof. Adamson, 4 Nov. 1925. The leaves have a strong scent like that of 
Lippia citriodora. 


P. crithmifolium Sm. 
Occasional on rocky outcrops, e.g. on Whitehill Ridge. WL, 139. 


*P. denticulatum Jacq. 

2563. Kloof in Witteberg, 3500 ft. js July 1923. 

A slender, very viscid and aromatic plant, agreeing moderately well with Jacquin’s figure and description, which 
were taken from cultivated plants. The flowers are bright rose-coloured. The leaf-segments are much narrower and 
more toothed than in the related P. viscosissimum Sweet. . 


P. ferulaceum Willd. 
Karoo Garden, Whitehill, among large rocks. WL. 194. 


P. fumariifolium Knuth. 

3617. Karoo Garden, Whitehill. 

This appears to be the second gathering of this species. The type, Scully in Herb. Bolus, is from Little Nama- 
qualand. 


P. hystrix Harv. 
2918. Karoo Garden, Whitehill. 1 Nov. 1924. 
Also collected in the same locality by Mr. J. Archer, Oct. 1925 (Archer 132 in Herb. Bolus). 
An exact match of the type plant in the Banksian collection (Herb. Mus. Brit.) marked ‘ Africa australis 
Mr. Masson.” Knuth copies Harvey’s description, but conjectures the locality as Namaqualand. My specimens 
represent the first gathering since Masson of this very curious species. The petals are pale cream-coloured with reddish 
streaks inside. 
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P. karooicum Compton and Barnes n, sp. 

2964. Karoo Garden, Whitehill. 20 April 1925. 

Sufirutex alt. c. 6 lin. Caulis subcarnosus, paullo ramosus, foliorum cicatricibus levatis notatis, internodiis 
long. 2-3 lin. Folia alterna ad apices caulium, tempore florente parva, petiola distincta breve long. 4 lin., foliolis 
palmatis 3, omnino pilis albis reflexis tecta, subcarnosa, long. 4-5 lin. Stipulae minutae liberae. Pedunculi axillares 
singuli long. ad 9 lin., biflorali, sparse albo-pilosi. Flores sessiles. Bracteae parvae, lineares, puberulae, long. } lin., 
lat. 1/5 lin. Calyx puberulus, sepalis long. 2 lin., anguste lanceolatis, subacutis, marginibus anguste membranaceis. 
Petalae long. ad 6 lin., unguiculo long. 3 lin., spathulato-obovatae, subaequales, pallide flavae, posteriores purpureo- 
striatae. Ovarium pilis albis dense tectum. Stigma long. 3 lin. 

A new species of the section Ligularia, allied to P. incisum Andr., but less branched with a slightly succulent stem 
and non-persistent petioles. The petals are much larger than the sepals, ligulate, cream-coloured ; the spur is only 
twice as long as the sepals: the stipules are free. 


*P. laevigatum L.f. 
2608. Kloof in Witteberg, near stream, 3000 ft. 23 June 1924, 
2680. Same locality. 30 Nov. 1924. 
Also collected by Prof. Adamson in the same locality, 14 Nov. 1925. 


P. moniliforme E. Mey. 
3306. Matjesfontein Karoo, 3000 ft. 14 Oct. 1928. 


*P. myrrhifolium Ait. 

2804. Witteberg, on open slopes, 4000 ft. 30 Novy. 1924. 

Also collected in the same locality by Prof, Adamson, 14 Nov. 1925. 

A very small variety of this polymorphic species. The peduncles are 1-flowered and the leaf-blades are not more 
than Zin. long. A somewhat similar plant was collected on the Zwartberg at 4000 ft. by Miss Pocock (S. 39 in Herb. 
Bolus). 

Similar plants were gathered in the Long Kloof by Burchell 5016, and on the Zuurberg (?) by Drege 74860 in 
Herb. Kew. Harvey (Fl. Cap.) noted that Drege 7486a differs from 7486). Knuth, however, simply quotes Drege 
7486 as P. multicaule Jacq. (to which Harvey assigns only 7486a). I have not seen 7486a, but Jacquin’s figure of 
P. multicaule (Ic. Pl. Rar., 534) shows a plant quite distinct from my own gatherings. For the present I leave this 
plant as a variety of P. myrrhifolium, but future study will probably result in its separation as a distinct species. 


*P. oenotherae Jacq. 
2703. Top of Witteberg, 5000 ft. 31 Oct. 1924. 


P. ovato-stipulatum Knuth. 
3032. Whitehill Ridge, shady places on south side, 3000 ft. 9 Sept. 1926. 
The type was collected near Matjesfontein by Macowan 1808, and the species is only known from this neigh- 
bourhood. A very striking and distinctive plant, well characterised by its broad white persistent shell-like stipules. 
Knuth gives a drawing. - 


P. rhodanthum Schitr. 
Living specimens collected at Whitehill and grown at Kirstenbosch (Nat. Bot. Gardens, 351/25 in Herb. Bolus), 
Also collected near the Witteberg at 3000 ft. by Prof. Adamson, 14 Sept. 1925. A good match of the type, Schlechter 
8662 (Pakhuisberg, 2400 ft.). Grows in dense local societies in the Whitehill district, making bright patches of colour 
when in flower. 


P. tetragonum L’ Her. 
2760.. Foot of the Witteberg among bushes, 3000 ft. 30 Novy. 1924. 


Sarcocaulon Burmannii Sweet. 
Karoo Garden, Whitehill, and elsewhere in the Karoo, frequent on rocky outcrops in the Dwyka conglomerate. 
WI. 71. 


S. Patersonii DC. 
Occasional in the Karoo Garden, Whitehill, and elsewhere in the district. WL, 142. 


OX ALIDACEAE, 
Oxalis balsamifera Mey. 
2614. Matjesfontein Karoo, 3000 ft. 23 June 1924, 


O. converula Jacq. 
580. Kloof in Witteberg, 3500 ft., in rock-crevices. 16 July 1923. 
2872. Karoo Garden, Whitehill. 5 Aug. 1923. 
O. lupinifolia Jacq. 
Karoo Garden, Whitehill, and elsewhere, in sandy flats. WL. 197. 
obtusa Jacq. 


2843. Karoo Garden, Whitehill. 15 July 1923. 
3260. Whitehill Ridge, 3000 ft. 8 Aug. 1927. 
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ZYGOPHYLLACEAE. 
Augea capensis Thhbg. 
Occasional in the Whitehill Karoo, e.g. near Baviaans. WL. 228. 


*Zygophyllum fulvum L, 

2677. Top of Witteberg, 5000 ft. 31 Oct, 1924. 

3275. Witteberg. 14 Oct. 1928. 

3551. Witteberg, 3500 ft. 12 Oct. 1929. 

The leaves are rather smaller and narrower than in much of the material, but otherwise there is a good agreement: 
probably a dry mountain form. 


Z. maculatum Ait. 

2914. Karoo Garden, Whitehill, abundant. 17 May 1923. 

Corresponds well with the description in Fl. Cap., and exactly matches a specimen in Hooker’s collection at 
Kew labelled ** May: Pinaar’s Kloof,” which has been placed with Z. flexuosum. Sonder in Fl. Cap. quotes a Zeyher 
specimen in Herb. Sond. with this inscription as Z. maculatum, though he had not seen Aiton’s type. I also have not 
seen Aiton’s plant, and my determination therefore rests upon Sonder’s. Pienaar’s Kloof is between Matjesfontein 
and Touws River. 

A very showy plant, noteworthy for its conspicuously striate twigs. The capsules have not previously been 
described. They are broadly oblong with five sharp narrow ridges, 3-4 lin. long and 3 lin. in diameter, with persistent 
calyx and style-base. 

Z. microphyllum L.f. 
: 2853. Karoo Garden, Whitehili, 15 July 1923. 
Scarce in the district. A small gnarled shrub: the petals are yellow with a small dark mark at the base of each. 


Z. pygmaeum E. and Z. 
3048. Ngaap Kop, 3500 ft. 22 Sept. 1926. 
Compared with the type, E. Z. 769 in Herb. S.A. Mus. 
Z. retrofractum Thbg. 
3198. Karoo Garden, Whitehill. 21 Nov. 1926. 
A low intricate bush with white flowers. 
*Z. Rogersii Compton n. sp. 

Fruticulus lignosus. Caules tenues sed rigidi, parum flexuosi, angulati glabri, internodiis long. 3-4 lin. Stipulae 
rigidae uncatae long. $ lin. Folia opposita sessilia bifoliolata, foliolis erectis linearibus viridibus glabris, parum 
carnosis, obtusis vel apiculatis, long. 2 lin. Flores singuli axillares cernui. Pedicellae tenues, long. 3-4 lin. Sepalae 
ovatae acutae glabrae, saturate tinctae, long. 3 lin., lat. 14 lin., fructu reflexae. Petalae orbiculatae unguiculatae 
roseae, long. 4 lin., lat. 2 lin. Filamenta long. 2 lin. Antherae long. ? lin., lat. $ lin. Squamae filamentis adnatae, 
oblongae fimbriatae, long, 1 lin., lat. } lin. Ovarium obscurum. Stylus angustus, long. 1} lin. Capsula late ovoidea, 
long. 4 lin., diam. 3 lin., carinis prominentibus 5, stylo calyceque persistentibus. 

Rogers in Herb. Bolus 16311, Pietermeintjes, 3585 ft. Nov. 1919. (Type.) 

Compton 3043. Witteberg, 4000 ft. 28 Sept. 1926. 

Related to Z. spinosum L., but differing in the slender growth, smaller leaflets, larger sepals and shorter petals, 
colour of petals and shape of staminal squamae. 


RUTACEAE. 
* Agathosma adenandrifolia 
2567. Witteberg. 16 July 1923. 


2691. be 31 Oct. 1924. 
3046. Witteberg, 4000 ft. 28 Sept. 1926. 
3322. 4500 ft. 14 Oct. 1928. 


A good match of the type, Schlechter 8902 (Cold Bokkeveld, 5000 ft.). 


*4, Barnesiae Compton n. sp. 

Frutex humilis divaricate ramosus. Caules juvenes minute puberuli. Folia expansa coriacea, petiola long. 
3 lin., lamina laete virente oblongo-elliptica obtusa, breviter mucronata, long. 24-34 lin., lat. 1-14 lin., supra minute 
puberula, infra glabra, marginibus crassis recurvis, glandulis impressis solum in marginibus. Flores in glomerulis 
terminalibus parvis aggregati. Pedicellae glabrae long. } lin. Sepalae late oblongae, obtusae, infra pallidae, supra 
virides et glandulosae, glabrae, long. 1} lin., lat. 1 lin. Petalae albae, spathulatae non unguiculatae, glabrae, long. 
2 lin., lat. 1 lin. Staminodia lanceolata, minute ciliata, acute cuspidata cum glandula sessile mediana. Filamenta 
flexuosa glabra long. 2 lin. Ovarium glabrum carunculatum, carpellis 5. Stylus long. 1} lin. 

3178. Top of Witteberg (Whl.), 5000 ft. 28 Oct. 1926. 

Belongs to the section Barosmopetalae, and is apparently most nearly related to 4. Taskerae Dummer, of which, 
however, I have seen no specimen. 4. Barnesiae differs from A. Taskerae in the shorter pedicels and in the glabrity 
ofpedicels, sepals, and petals. The ovary is regularly 5-carpeilary, as in certain other species included in Agathosma. 
The older definition of the genus as having 2-4-carpellary ovaries should be extended to cover these cases. The in- 
florescence is that of a typical Agathosma, and I follow Dummer in considering this character as of the greater generic 
importance. A. Barnesiae forms a connnecting link between Agathosma and Barosma in leaves, petals, and ovary. 

I dedicate the species to Miss P. E. Barnes, the first Edward Muspratt Solly Scholar at Kirstenbosch, who has 
given me valuable assistance with this work. 
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*4, delicatula Compton n. sp. 


297 


Frutex humilis ramosissimus aromaticus, partibus juvenibus pubescentia breve erecta tectis. Folia erecto- 
patentia, imbricata, brevissime petiolata, laminis ovatis obtusis, parum carinatis, supra concavis, long. 1-1} lin., 
lat. —} lin., laete viridibus, glandulisirregularibus paucis. Flores in glomerulis terminalibus diam. 3-5 lin. Pedicellae 
long. 1-1} lin., bracteolis minutis linearibus. Sepalae ovatae triangulatae obtusae, long. $ lin. Petalae pallide 
purpureae, unguiculatae, unguiculis angustis long. } lin., limbis ellipticis long. ? lin., lat. } lin. Staminodia petaloidea 
long. 1} lin., utrinque attenuata, ciliata praeter basem, glandula sessilia apicalia. Filamenta glabra long. 2 lin., 
antheris long. 1/3 lin., glandula praepilata. Ovarium in disco cyathiforme immersum, plerumque 2-carpellatum, 


turbinatum, paucis pilis brevis, stylo glabro long. 14 lin., stigmate simplice. 
2660. Witteberg, 3500 ft. 31 Oct. 1924. 
2694, a 4500 ft. 31 Oct. 1924. 
3324. BS south slope, 4000 ft. 14 Oct. 1928. 
3553. ‘6 3500 ft. 12 Oct. 1929. 
Near A. asperifolia FE. and Z. and A. fastigiata E. and Z. 


*4, sedifolia Schldl. (?). 


2799. Witteberg, south slopes in shade, 4500 ft. 30 Nov. 1924. 
3184. Top of Witteberg, 5000 ft. (Whl.), in sandy spots. 28 Oct. 1926. 


I name this with some hesitation. It shows fair correspondence with Schlechtendahl’s description and his type 
(Miss Joubert, Zoutendals), of which there is a fragment in the Herb. S.A. Mus. A. crassifolia Sond. is apparently 
a closely related, if not identical, species, founded on a Drege specimen from Hex River Kloof. 1 have not seen the 


type, but Rogers in Herb. Bolus 16316 from Pietermeintjes may be the same. 


My 3184 has lilac petals and the young leaves bear numerous long white hairs on the under surface, these falling 
off later. 2799 has white or pink petals and the leaves are hairless except for marginal cilia (gathered more than a 


month later). 


*Barosma ovata B. and W. 
2974. Kloof at foot of Witteberg (Whl.), 3200 ft. 21 May 1925. 


*Diosma vulgaris Sch. 
2526. Witteberg, from 3000 ft. upwards. 11 Aug. 1924. 
2950. Witteberg. 21 May 1925. 


Agrees well with gatherings of this species from Little Namaqualand and the Khamiesberg, and it will probably 
be necessary to separate these forms under a distinct name. (2.g. Pearson 6436 and 6439, Pillans 5650.) 


*D. wittebergensis Compton n. sp. 


Frutex virgatus, omnino glaber. Caules graciles erecti rigidi. Folia erecta linearia acuta sessilia, infra convexa, 
supra sulcata, long. 3-4 lin., lat. $ lin., glandulis immersis conspicuis. Flores terminales, singuli vel 2-3 aggregati, 
sessiles erecti. Sepalae ovatae obtusae, long. 1 lin. Petalae oblongo-spathulatae recurvatae glabrae, viride-albae, 
long. 2 lin., lat. 3 lin. Filamenta calyce aeqales, glabra, antheris glandulis praepilatis. Staminodia 0. Discus 
integer undulatus. Ovarium glabrum, 5-carpellatum, stylo long. } lin., stigmate capitato. 


2524. Witteberg (Whl.), south slope, 3500 ft. 11 Aug. 1924. 
Witteberg, summit, 5000 ft. 25 May 1925. 


POLYGALACEAE. 
* Muraltia ericaefolia DC. 
2593. Witteberg, near stream, 3300 ft. 23 June 1924. 
2594. Kloof in Witteberg, 3500 ft. 5 Aug. 1923. 
2595. Foot of Witteberg. 16 July 1923. 


Agrees with plants collected near Prince Albert (Tugwell in Herb. Bolus 13988) and in the Robinson Pass (‘Taylor 
in Herb. Bolus). I have not seen the type, but judging from plants in the Herb. Bolus compared with it, my plants 


seem to be slightly atypical, being stouter, with longer internodes and thicker leaves. 
species. 


*M. Heisteria DC. 
2667. Witteberg, 5000 ft. 31 Oct. 1924. 

*M. rigida E. Mey. 
2597. Witteberg (Whl.), 3500 ft. 11 Aug. 1924, 
2598. pa 3000-4500 ft. 16 July 1923. 
The flowers may be pink, lilac, or purple. 


* Polygala affinis DC. 

3222. Foot of Witteberg (Mfn.), near stream, 3500 ft. 17 July 1927. 
*P. Garcinii DC. 

3572. Witteberg, 4000 ft. 12 Oct. 1929. 

Also collected on the Witteberg by Prof. Adamson, 14 Nov. 1925, 
*P. oppositifolia L. 

Witteberg, 4000 ft., occasional. 


It may prove to be a new 
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P. teretifolia Thbg. 
2599. Whitehill Karoo, 2800 ft. 15 July 1923. 
2773. Foot of the Witteberg, 3000 ft. 10 Jan. 1925, 


*P. wittebergensis Compton n. sp. 

Fruticulis expansus, ramis rectis divaricatis virgatis. Caules juvenes virides, minute scabrido-puberuli. Folia 
erecta vel parum expansa, sessiles, lineare-lanceolata ad oblongo-elliptica, acuta, long. 14-4 lin., lat. $—1 lin., nervo 
medio infra prominente, marginibus et superficie inferiore scabrido-puberulis. Flores singuli vel simul 2-3 in extremo 
ramulorum lateralium foliosorum., Sepalae externae ovatae, long. 1} lin., lat. } lin., membranaceae glabrae concavae, 
purpureo tinctae. Alae late ovatae, long. 4 lin., lat. 24 lin., glabrae venosae purpureae, violaceae vel roseae. Petalae 
laterales 2 oblongae, apice rotundatae, long. 1} lin., lat. 3 lin., albae, marginibus posterioribus ciliolatis, apice purpureo, 
cresta mediocre multifida alba. Tubus staminalis ad petalas laterales adhaerens, albus, marginibus et superficie 
interna ciliolatis. Ovarium glabrum. Stylus tubulatus curvatus albus glaber, long. 3 lin. 

2561. Witteberg, 4500 ft. 5 Aug. 1923. 

3044. 4000 ft. 28 Sept. 1926. 

3287. je 1000 ft., north slope. 14 Oct. 1928. (Type.) 

Related to P. ericaefolia DC., but well distinguished by its peculiar pubescence, as well as by its general 
appearance. P. ericaefolia often has a rough leaf margin, but not the scabrido-puberulous lower surface of 
P. wittehergensis. 


EUPHORBIACEAE, 
*Cluytia rubricaulis var. microphylla Vrain. 

2568. Witteberg, 5000 ft. 5 Aug. 1923. 

2684, ate as 31 Oct. 1924. 

3008. a 28 Sept. 1926. 

I am inclined to think that this may prove to be a new species, but the existing species and varieties are so ill- 
defined that I have thought it best for the present to group it with the variety which it most closely resembles. The 
ovate leaves are 1-1} lin. long and 4-1 lin. broad, glabrous, slightly glaucous, obtuse not apiculate, and with an entire 
margin. The group of Cluytia, which includes C. rubricaulis, C. alaternoides, C. lara, ete., is in great need of revision, 
but new critical characters will have to be discovered before this can be done satisfactorily. 


*C. rubricaulis var. tenuifolia Prain. 

2690. Witteberg, 4500 ft. 31 Oct. 1924. 

2705. i 31 Oct. 1924. 

3009. 28 Sept. 1926. 

Another puzzling pk ant, which I place tentatively under this variety. It could, however, quite well be placed 
near C. alaternoides var. brevifolia F. Mey., or C. lava Eckl., or it may be a new species. Good diagnostic characters 
are lacking in this polymorphic group. The diagnoses given by Prain in Fl. Cap. by no means fit all the specimens 
authenticated by him. 

This plant keeps quite distinct from the “ var. microphylla” collected not far away on the Witteberg, and the 
two will probably have to receive separate specific rank in future revisions of the genus, 


Euphorbia enopla Boiss. 
Rare in the Matjesfontein and Whitehill Karoo. WL. 512. 
E. Eustacei N. FE. Br. 
Occasional in the Matjesfontein Karoo, e.g. at Bantams. WL, 513. 


*E. genistoides Berg. 
2678. Witteberg (Min.), by waterside in kloof, 4000 ft. 31 Oct, 1924. 


E. heptagona L. 
Forms large cushions on rocky outerops in the Whitehill Karoo, infrequent. WL. 296. 


E. mauretanica L. 
Locally frequent in the Whitehill Karoo, ¢.g. at the foot of the Witteberg and on the north side of Whitehill 
Ridge. WL. 276. 


E. multiceps Berger. 
Occasional in the Whitehill and Matjesfontein Ka 1r00. 


Mundii N. E. Br. 
2834. Karoo Garden, Whitehill, 22 on 1924. 
A frequent bush of about 2 ft. high, branching divaricately. 


~ 


E, stolonifera Marloth Ms. 
2913. Karoo Garden, Whitehill. 6 Aug. 1923. 
3342, 8 Aug. 1927 
A widely distributed species, confused in hheebents 1 with E. mauretanica, but entirely distinct in the field. 


E. tuherosa 
Sandy hollows in the Whitehill Karoo, rare. 
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ANACARDIACEAE. 
*Rhus excisa Thbg. 
2584. Kloof in Witteberg, 3200 ft. 16 July 1923. 
2585. oa cal 3000 ft. 23 June 1924. 
3307. ne 3200 ft. 14 Oct. 1928. (Fruiting.) 
2584 and 3307 would fall into the var. Thunbergiana, and 2585 into the var. emarginata, but I have no doubt of 
their being actually identical, 
R. lancea L.f. 
2898. Karoo Garden, Whitehill, in stream-bed. 10 Aug. 1924. 
This ‘‘ kareeboom ” and Acacia Karoo are the most frequent trees in the alluvial bed of the Baviaans River. 
R. lucida L. (?). 
2922. Karoo Garden, Whitehill. 1 Nov. 1924. 
Named with hesitation as a drought form of this species. Only a few bushes scattered through the district, 
with pale twigs tending to become spines and small brittle varnished leaves. 


R. undulata Jacq. 
3606. Whitehill Ridge, south side, 3200 ft. 30 Oct. 1929. 


CELASTRACE AF. 
*Gymnosporia laurina Szyszyl. 
2586, 2587. Kloof in Witteberg, 3500 ft. 16 July 1923. 


SAPINDACEAE. 
* Dodonaea Thunbergiana FE. and Z. 
Witteberg, occasional in the valleys, 3500 ft. 


MELIANTHACEAE. 
Melianthus comosus Vahl. 
Frequent in alluvial soil along the banks of the Baviaans River. 


RHAMNACEAE. 


(I am indebted to Mr. N.S. Pillans for kindly naming the Phylicas in my collection. The comments are my own.) 


*Phylica cinerea Pillans Ms. 
2647. Witteberg summit, 5000 ft. 31 Oct. 1924. 


*P, Comptonii Pillans Ms. 

3567. Witteberg summit, 4500 ft. 12 Oct. 1929. (The type.) 
*P. Comptonii var. parviflora Pillans Ms. 

2649. Witteberg summit, 5000 ft. 31 Oct. 1924. (The type.) 


*P. lanata Pillans Ms. 
2590. Witteberg, 3500-5000 ft., north slope, 23 June 1924. 


2650. i 4000 ft. 30 Oct. 1924. (Fruiting.) 
2986. oi (Whl.), north slopes, 3500 ft. 22 May 1926. (The type.) 
3047. ft. 28 Sept. 1926. 


A shrub of 5 ft., superficially resembling P. lasiocarpa Sond., occurring in the ‘‘ Cape” association of Ericas, 
Proteas, etc., and extending to its margin where it passes into the intermediate zone between the ‘* Cape” and the 
* Karoo ” associations. 

*P. Marlothii Pillans Ms. 

2591. Witteberg summit, 4500 ft. 16 July 1923. 
*P. vulgaris Pillans Ms. 

2695. Witteberg summit, 5000 ft. 31 Oct. 1924. 


2768. (Whl.). 10 Jan, 1925. 

2793. BY 4000 ft. 30 Nov. 1924. 

3045. a 5000 ft. 28 Sept. 1926. 

3323. rs north slope, 4000 ft. 14 Oct. 1928. (The type.) 
3556. summit, 4500 ft. (Mfn.). 12 Oct. 1929. 


The commonest Phylica on the Witteberg range, a spreading shrub about a foct high with white flowers, and 
superficially resembling P. chionocephala Schitr. from the Cold Bokkeveld. 
*P. wittebergensis Pillans Ms. 

2775. Witteberg (Whl.), summit, 5000 ft. 10 Jan. 1925. (The type.) 

2952. Same locality. 21 May 1925. 
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MALVACEAE. 
Malva parviflora L. 
3255. Bed of the Baviaans River, 2700 ft. 8 Aug. 1927. 
One of the very few aliens in the district. 


* Malvastrum asperrimum Gray and Harv. 
2588. Kloof in the Witteberg, 3300 ft. 5 Aug. 1923. 
An erect virgate shrub six feet high. The leaves are less deeply lobed than usual. 


*M. grossulariaefolium Gray and Harv. 
Collected by Prof. Adamson in a stream-bed from the Witteberg at Whitehill, 3000 ft., 14 Sept. 1925. 


STERCULIACEAE. 
Hermannia candicans Ait. 
2847. Karoo Garden, Whitehill. 15 July 1923. 
3586. Foot of Witteberg, 3000 ft. 12 Oct. 1929. 
3609. Whitehill Ridge, south side. 30 Oct. 1929. 


H. flammea Jacq. var. 
2900. Karoo Garden, Whitehill. 10 Aug. 1924. 
The stipules are smaller than usual, but I find no good character by which the Whitehill plant can be separated 
from this polymorphic species. 


H. linifolia Harv. 

2836. Karoo Garden, Whitehill. 6 Aug. 1923. 

2851. 15 July 1923. 

My plants are identical with Drege 7285 in Herb. Kew. There is a note on the sheet by Mr. N. E. Brown as 
follows: ** There is a specimen of this in Owens College Herbarium from Matjesfontein in Worcester Division.” 
Harvey remarks: *‘ Whether this be the little-known and imperfectly described H. linifolia L. I cannot tell.” 

This beautiful plant is greedily eaten by stock, and flowering specimens are difficult to obtain except where 
animals are excluded. 


H. nana Hochr. 
3049. Whitehill Ridge, 3000 ft. 
Compared with Zeyher 134. The corolla is violet-coloured. 


pallens and Z. 
2855. Karoo Garden, Whitehill. 15 July 1923. 


*H, Pillansii Compton n. sp. 

Frutex parvus alt. 2 ped., ramosus, omnino pubescentia densa pilis stellatis admixtis. Caules angusti, rigidi 
teretes fusci. Folia alterna sessilia, late ovato-cuneata, obtusa, undulata, fere plicata, supra dentibus paucis, long. 
3-6 lin., lat. 2-3 lin. Stipulae conspicuae, late cordatae orbiculatae, erectae, caulem adpressae, long. et lat. 2 lin. 
Caules axillares breves, dense foliosi, fere fasciculati, superiore in glomeris florum terminantes, Flores erecti vel 
nutantes. Calyx campanulata pallida, 10-costata, long. 2 lin., diam. 2} lin., dimidio fissa in lobis triangulatis acumin- 
atis erectis. Petalae latae flavae, long. 3-4 lin., unguiculatae limbo orbiculato, lat. 14-2 lin., erecto convoluto. 
Stamina long. 2 lin., filamento oblongo membranaceo, angulis superioribus minute setigeris. Antherae lineares, 
setibus paucibus brevibus. Ovarium globosum costatum hispidum, stylo long. 14 lin. 

2797. Witteberg, 5000 ft. 30 Nov. 1924. 


3159. (Whl.), 5000 ft. 28 Oct. 1926. 
3329. a south slope, 4000 ft. 14 Oct. 1928, 
3559. 4000 ft. 12 Oct. 1929. 


Closely allied to H. stipulacea Lehm., 6f which I was at first inclined to make it a variety. Mr. N. S. Pillans, 
however, pointed out more differences than I had at first observed, and I have therefore founded a new species. The 
dense tomentum which in H. stipulacea is only present on the calyx (the leaves having a few setae above and stellate 
hairs on the margins and veins below), in H. Pillansii covers all the vegetative parts of the plant, so that no bare 
lamina can be seen. The filament, moreover, differs, being oblong and straight-sided in H. Pillansii, broader and 
elliptical in H. stipulacea. 


Mahernia oxalidiflora Burch. 
3050. Ngaap Kop, 3000 ft. 27 Sept. 1926. 
One of the most beautiful flowering plants of the district. 


THY MELAEACEAE. 
Arthrosolen deserticola Compton nov. comb. 
(Lasiosiphon deserticola C. H. Wright, Fl. Cap., V, ii, p. 71. 1915. 
Gnidia deserticola Gilg, Engl. Jahrb., xix, p. 263. 1895.) 
2958. Karoo Garden, Whitehill. March 1925. 
Wright (loc. cit.) states that this plant has ‘‘ petals very small, membranous, hyaline,” and quotes inter alia 
Britten 19 and Bolus 9084. I have examined these specimens and fail to find any trace of petals. They are absent 
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also in Compton 2958. Moreover, Gilg (Joc. cit.) in describing the plant says, ** petalis omnino nullis.”” Gilg (Nat. 
Pflfam., iii, Ga) sinks the genera Lasiosiphon and Arthrosolen in Gnidia, which thus includes plants with or without 
petals and with 4- or 5-merous calyces. The present plant has more the aspect of a Lasiosiphon, but as the distinction 
is purely an artificial one, it must be included in Arthrosolen if this genus is maintained. 


*Gnidia Meyeri Meisn. 

2543. Foot of Witteberg, 3000 ft. 5 Aug. 1923. ° 

A shrub of 2 ft. with fulvous yellow flowers. Compared at Kew. A good match of Drege (Uitkomst) and of 
Schlechter 11181 (Rietkloof): both localities are in Little Namaqualand. Also gathered by Leipoldt near Van 
Rhynsdorp (fide Fl. Cap.) and at Nieuwoudtville (Herb. Bolus). The Witteberg gathering thus furnishes one of the 
many interesting links between its flora and that of the Calvinia and Namaqualand districts. 

G. Meyeri is separated from other species with 8 membranous petals in the Fl. Cap. key as having a “ glabrous 
calyx.’’ This is inaccurate and misleading, as all the specimens seen, including those authenticated by Wright, are 
more or less hairy on the tube and lobes. 

Wright quotes Bachmann 908 as the type of G. Meyeri var. pilosa Wright. I doubt whether this can be main- 
tained, as the calyx lobes are more acute and their colour is reddish, the leaves are glabrous even when young and the 
stem bears long appressed setae: moreover, the locality is Pondoland! The plant deserves specific rank. 

*(, nitida Bolus ex Wright. 
2644. Witteberg, south slope, 3500-4500 ft. 16 July 1922. 
2716. +9 3500-5000 ft. 31 Oct. 1924. 


G. scabra Thhbg. 
2718. Matjesfontein, by streams. 31 Oct. 1924. 
3313. Witteberg. 14 Oct. 1928. 
Apparently very closely related to G. caniflora Meisn. 


*Lachnaea buxifolia Lam. 
2723. Witteberg summit, 5000 ft. 31 Oct. 1924. 


*L. penicillata Meisn. 

2692. Witteberg summit, 5000 ft. 31 Oct. 1924. 

3334. Witteberg. 14 Oct. 1928. 

3566. Witteberg summit, 4500 ft. 12 Oct. 1929. 

I cannot separate L. passerinoides N. E. Br., of which I have seen the type, Galpin 4497 in Herb. Bolus (quoted 
as Bolus 4497 in Fl. Cap.), from Garcia’s Pass, from L. penicillata Meisn., of which I have seen Drege’s gathering from 
between Sparrbosch and Tradouw (in Herb. S.A. Mus.) and Schlechter 10072 from the Cold Bokkeveld (in Herb. 
Bolus) ; these being specimens quoted by Wright in Fl. Cap. The leaves are concave in both, and in both cases the 
flowers are borne in terminal pairs or singly ; frequently one flower of a pair conceals the other, and an appearance 
of singleness is produced : the floral details are identical. Curiously, N. E. Brown quotes L. funicaulis Schinz as an 
affinity for his plant, though this is much more distinct than L. penicillata, which he does not mention. 

I think also that L. avillaris Meisn. as represented by a sheet in Herb. S.A. Mus, labelled E. and Z. 42, from 
mountain-sides by the Gouritz River, is also conspecific. _ Phillips 407 from Gareia’s Pass (named Passerina e¢ricoides 
by Wright on the sheet in the Herb. S.A. Mus.) belongs here also. 

My plants represent a rather depressed montane form of the species, obtained from a higher altitude than any 
previous gathering : I cannot, however, distinguish it by any good character from L. penicillata, which name IT adopt 
on grounds of priority. 


*Passerina glomerata Thbg. 

2800. Witteberg, 5000 ft. 30 Nov. 1924. 

3327. Foot of Witteberg, 3200 ft. 14 Oct. 1928. 

Frequent throughout the district on sandstone rocks, often forming almost pure societies in the marginal belt 
between the ‘* Cape ”’ flora and the Karoo formation as at Tweedside. It seems to be the most * xerophilous ” member 
of the genus. 

I am in slight doubt about the identity of 2800, which should possibly be separated as a distinct species. 


*P. vulgaris Thoday, 
3005. Witteberg (Whl.), in kloof, 2500 ft. 28 Sept. 1926. 
3166. Witteberg (Whl.), near stream, 4000 ft. 28 Oct. 1926. 
Apparently the first record of this widely spread species from the Laingsburg Division. 


*Struthiola erecta L. 
2666. Witteberg, 3500 ft. 31 Oct. 1924. 
3284. Witteberg. 14 Oct. 1928. 


*S. virgata L. 

3285. Foot of the Witteberg, north slope, 3300 ft. 

3570. Top of the Witteberg, 4500 ft. 12 Oct. 1929. 

One of the above determinations is probably in error, but which is difficult to say. A number of species require 
to be dissected out. of the aggregate S. virgata. 
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UMBELLIFERAE. 

*Hydrocotyle virgata L.f. 

A form with greyish puberulous leaves, collected on the Witteberg, 4000 [t., by Prof. Adamson, 14 Noy. 1925, 
*H. virgata var. nana Cham. and Sch. 

2540. Witteberg (Whl.), south slope, 3500 ft. 11 Aug. 1924. 

2693. Witteberg, 5000 ft. 31 Oct. 1924. 

3564. Witteberg summit, 4500 ft. 12 Oct. 1929. 
*Rhyticarpus difformis Benth. and Hook. 

2765. Kloof in Witteberg (Whl.), forming dense masses by stream, 3000 ft. 10 Jan, 1925. 


ERICACEAE, 
*Erica arcuata Compton n. sp. 

Frutex erectus alt. 2 ped., ramosissimus, caulibus flexuosis, ultimis saepe arcuato-erectis. Caules juvenes 
dense griseo-puberuli. Folia sordide griseo-viridia, 3-nata, imbricata, erecto-patentia, oblonga, obtusa, sulcata, minute 
puberula, long. 1 lin., marginibus minute serrulatis. Flores terminales 3 vel minus. Pedicella long. 1 lin., erecta 
vel parum detlexa. Bracteae long. } lin., lineares, minute puberulae, omnes tres ad calycem adpressae vel una parum 
inferiora. Sepalae long. $ lin., viride-albae, lanceolatae, subscariosae, tantum apice carinatae. Corolla cyathiformis, 
alba, minute hispidula, tubo long. 1} lin., segmentis parum expansis, valde obtusis, long. } lin., quam longis latioribus. 
Filamenta gracilia glabra. Antherae cuneato-oblongae, muticae, minute hispidulae, longe exsertae, long. 1 lin., toto 
longitudine dehiscentes. Ovarium rotunde obcuneatum, pubescens. Stylus long. 2 lin. Stigma 4-lobata, longe 


exserta. 
i 2559. Witteberg, south slope, 4000 ft. (Mfn.). 16 July 1923. 
2676. 5000 ft. 31 Oet. 1924. 
2957. % (WhL.) summit, 5000 ft. 21 May 1925. 


2997, 2998. Same locality and altitude. 28 Sept. 1926. 
3180. Same locality and altitude. 28 Oct. 1926. 
3320. Witteberg. 14 Oct. 1928. 
Marloth 2997 from hills near Touws River Station, 1000 m., is this species. 
E. arenata belongs to the section Pyronium, the aflinities being with EL. demissa Klotsch and E. decipiens Spreng. 
The present species is characterised by its habit, the short obtuse and not glossy leaves, the flexuous branches, the 
lobed stigma and the intermediate length of pedicel and corolla. 
caffra L. 
3224. Foot of Witteberg (Mfn.), 3500 ft. 17 July 1927. 
Also collected by Marloth in the same locality (2951). 
cerinthoides L. 
2780. Witteberg, rocky crests, 5000 ft. 30 Nov. 1924. 
A very xerophilous form of this species with closely appressed or erecto-patent leaves 2 lin. long (excluding the 
petiole) and ? lin. broad, setose when young, later glabrescent. 
E. cristiflora Salisb. 
3293. Witteberg, south slope, 4000 ft. 14 Oct. 1928. 
*E. curviflora var. versatilis Bolus. 
2002. Witteberg, by streamside in kloof, 3300 ft. 5 Aug. 1923, 
*E. Eustacei L. Bolus. 
2675. Witteberg, 5000 ft. 31 Oct. 1924. 


2781. = 4500 ft. 30 Noy. 1924. 

2996. (Whi) summit, 5000 ft. 28 Oct. 1926. 
3181. ” 28 Nov. 1926. 
3571. (Min.), 4500 ft. 12,Oct. 1929. 


” 

Matches the type, FE. Pillans 1609, from the mountains on Tweedside Farm, Sept. 1909. 
*E. grandiflora L.f. 

2783. Witteberg, 4500-5000 ft. 

*E, Loganii Compton n, sp. 

2777. Witteberg (Whl.), south aspect, 5000 ft. 10 Jan. 1925. (Flowers not fully developed.) 

2954. Same locality. 21 May 1925. (In full flower.) 

2988. Same locality. 22 May 1926. 

Section Lamprotis. 

Frutex erectus ramosissimus, caulibus erectis subfastigiatis, ubique glaber praeter bracteas pedicellasque. 
Folia 3-nata, internodiis aequantia, erecta elliptica subacuta suleata, leviter apice margineque incurvata, marginibus 
minute seaberulis, long. 1 lin., lat. } lin. Flores terminales axillaresque pauci aggregati, erecti vel cernui. Pedicella 
long. 1-1} lin., bractea basale et bracteolis media pedicella linearibus erectis, long. } lin. ; pedicella, bractea et bracteolae 
minute puberulae. Sepalae long. i lin., erectae ellipticae, carinatae praesertim ad apicem, membrano-marginatae, 
acutae, viride-albae. Corolla urceoiata glabra, lacteo-alba, in siccitate fusca, tubo long. 1 lin., leviter sub segmentis 
contracto, segmentis long. } lin., late ovato-triangularibus. Filamenta long. § lin., gracilia, curvata. Antherae 
dorsifixae, loculis ovatis long. } lin., cristis late triangularibus vel orbiculatis deorsum directis laceratis. Ovarium 
globosum glabrum, diam. } lin. Stylus long. $ lin., stigmate late capitato. Fructus long. 2/3 lin., seminibus paucis. 
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Most nearly related to EL. articularis L. From this species, however, it differs in the less acute incurved leaves, 
the type of inflorescence with fewer clustered and more axillary flowers, the more bushy less virgate growth, the 
smaller flowers and the colour of sepals and petals. 

Dedicated to Mr. J. D. Logan of Matjesfontein. 


*E, maesta Bolus. 

2541. Witteberg, southward slope, 3500 ft. 11 Aug. 1924. 

3003. es in kloof, 4000 ft. 28 Sept. 1926. 

This record extends the range of FE. maesta about 250 miles westward of previous gatherings, which have been 
mainly from the Cape Midlands. My plants show excellent agreement with the type, Bolus 628 from the Oudeberg, 
near Graaf Reinet, 5000 ft., Aug. 1894. 


Mavimiliani Guthr. and Bolus. 
2782. Witteberg, 3500-4500 ft. 30 Nov. 1924. : 
A small shrub always growing in dry rock-fissures. The leaves are grey and the long corollas are ivory. 
Also collected by Marloth 2950 and by Prof. Adamson in the same locality, 14 Noy. 1925. 


*E, Monsoniana L.f. 
2672. Crest of Witteberg, 5000 ft. 31 Oct. 1924. 
3001. Witteberg, 4500 ft. 28 Sept. 1925. 

*E. paniculata L. 

2601. Witteberg, in kloof, 3300 ft. 5 Aug. 1923. 

3319. Witteberg. 14 Oct. 1928. 

My plants seem to belong to FE. paniculata, with which they agree in the presence of small awns on the anthers 
and in the solid capitate stigma. They have, however, much more calycine flowers than usual, and in this respect 
come near E. floribunda, and the locality, moreover, agrees better with that of other gatherings of the latter species. 

The two species are certainly very closely allied, as Bolus (MS. notes on sheets) seemed to think, though Guthrie 
did not agree, finding “ very great differences.” In Fl. Cap. they are placed in distinct subgenera, presumably on the 
more or less petaloid sepals. 


E, Petiveri var. Willdenowti Bolus. 
2603. Witteberg, south slope, 3800 ft. 16 July 1923. 
A very handsome plant with orange-red flowers. Also collected by Marloth 2983 in the same locality. 


*E. Plukenetii L. 
2523. Witteberg (Whl.), south slope, 3500 ft. 
*E. selaginifolia Salisb. 
2671. Witteberg, 4000 ft., in sheltered situations. 30 Nov. 1924. 
2779. ‘~ 4500 ft. 30 Nov. 1924. 
3297. Witteberg. 14 Oct. 1928 - 
Also collected by Marloth 4536 on the Witteberg, 1300 m., Oct. 1907. 


*E. setacea Andr. 
3295. Witteberg, south slope, 4000 ft. 14 Oct. 1928. 


*E. speciosa Andr. 

2607. Witteberg, summit and south slope, 3500-4500 ft. 16 July 1923. 

2679. 7 3500-5000 ft. 30 Nov. 1926. 

A very xerophilous form, with leaves closely imbricate, puberulous, 1-2 lin. long. A few flowers can be found at 
almost any season. The corollas are very viscid and vary somewhat in colour. My specimens agree well with Marloth 
2423 in Herb. Bolus from the Zwartberg Pass, 1400 m. Another gathering from the Zwartberg Pass, Bolus 11590, is 
of the less xerophilous type with leaves 3 lin. long. In some cases the anther is about 1 lin. long and the plants 
approach some forms of E. discolor Andr. The weight of evidence, however, favours the identification given. 


*E. spectabilis Kl. 

2674. Witteberg, 4000 ft. 30 Nov. 1924. 

3182. * (WhL.) summit, 5000 ft. 28 Sept. 1926. 

Also collected on the Witteberg by Marloth 2952 at 1300 m. 

The plants would seem to belong to this species, save that the pedicels are shorter than usual. The Fl. Cap. key 
(p. 30) gives, as a misprint, pedicels 34-6 lin. long; but the description of ZL. spectabilis makes them 25-3} lin. long. 


*E. Vanheurckii Muell.-Arg. 

2673. Witteberg, 5000 ft. 31 Oct. 1924. 

2778. * 4500 ft. 30 Noy. 1924. 

3569. Witteberg summit, 4500 ft. 12 Oct. 1929. 

A sprawling shrub (not erect as stated in Fl. Cap.), with white or pink corollas. The flowers vary considerably 
in size, and the smaller-flowered plants (e.g. my 2673) have the corollas relatively more open, approaching those of 
E. leptopus Benth., which this species much resembles. 


*Salazis triflora Compton n.sp. 
Frutex humilis ramosissimus, alt. 2 ped. Caules juvenes puberuli. Folia plerumque 3-nata, erecta vel adpressa, 
in caulibus lateralibus imbricata, oblonga, long. 4-2/3 lin., obtusa, breviter petiolata, dorso convexo, sulcata, juventute 
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breviter puberula, glabrescentia. Flores numerosissimi in caulibus lateralibus brevibus, plerumque tres terminaliter 
aggregati nutantes. Pedicella long. 1/6 lin. Bracteae 0. Sepalae long. } lin., ovatae coriaceae puberulae virides. 
Corolla leviter exserta, late aperta, breviter 4-lobata, lobis obtusis membranaceis, minute fimbriatis, viride-albis, 
Stamina plerumque 6, libera. Antherae inclusae, breviter bilobatae, muticae glabrae rubro-brunneae, long. 1/3 lin. 
Ovarium globosum pubescens, diam. 1/3 lin., 2-locularium, in quoque loculo ovula una pendente. Stylus fere long. 
llin. Stigma longe exsertum, obconico-cyathiforme, facile deciduum. 

2953. Witteberg (Whl.) summit, 5000 ft. 21 May 1925. 

2987, 2990, 2991. Same locality. 23 May 1926. 

3188. Same locality, 4500 ft. 28 Oct. 1926. 

Mr. N. E. Brown, who examined my material, writes: ** This appears to be a new species of Salaxis.” 
name refers to the persistently 3-flowered inflorescences. 


The specitic 


*Seyphogyne Browntt Compton n. sp. 

Frutex densus, copiose ramosus, alt. 2 ped. Caules principales internodiis quam folia longioribus, laterales 
foliis imbricatis. Caules juvenes pubescentia breve parum deflexum grisea tecti: cortex vetus pallide griseo-fuscus, 
Folia plerumque 3-nata, breviter petiolata, ovata obtusa, dorso convexo, sulcata, long. 4 lin., lat. } lin., utrinque 
pubescentia deflexa alba tecta, setis paucis marginalibus et seta una terminale. Flores terminales, 1-2-3-nati, 
minuti, sessiles. Bracteae 0. Calyx subviridis, long. 1/3 lin., dimidio partitus, segmentis ovatis dorse convexis, 
pubescentia deflexa alba. Corolla parum exserta, long. 4 lin., dimidio partita, membranacea. Stamina 4, rare 
5, filamentis antherisque connatis. Antherae bilobatae ovoideae muticae glabrae brunneae manifestae, long. } lin. 
Ovarium late conico-oyoideum, supra dense pubescens, uniloculare, ovula pendula una vel rare ovulis 2. Stylus parum 
exsertus, stigmate late cyathiforme, saepe decidua. Fructus globosus, stylo persistente, diam, 2/3 lin., puberulus, 
pericarpo corneo, semina 1, 

2535, 2538. Witteberg, south slope, 3500 ft. 11 Aug. 1924. 

2995. Witteberg, 5000 ft. 28 Sept. 1926. 


2989. - 1500 ft. 22 May 1926. 
3000, a3 3000-5000 ft., very abundant. 23 June 1924. 
3183. = 1500 ft. 28 Oct. 1926. 


Mr. N. E. Brown examined some of my material and pronounced it a new species of Scyphogyne. Further 
examination of the flowers, however, showed that in many cases two ovules were present in the ovary, and the difficulty 
therefore arose as to which genus these plants should be ascribed to. On the whole, however, the species falls more 
naturally into Seyphogyne than into Coccosperma, especially in the characters of the fruit, and the diagnosis of the 
venus Scyphogyne should accordingly be enlarged to admit of the occasional 2-ovulate condition of the ovary. 


*Thoracosperma Marlothii N. Br. 
2604. Witteberg, north slope, 4000 ft. 23 June 1924. 


2605, a summit, 5000 ft. 26 June 1924. 
2606. ‘i a 5 Aug. 1923. 
2955. (Whi). 21 May 1925. 


Only the August gathering was in full flower, the others having immature flower buds. Mr. N. E. Brown vouched 
for 2606 as being this species. A low sprawling shrublet, abundant and social in habit, the corollas of different shades 
of purple. 


EBENACEAE, 
Kueclea undulata Thheg. 
Scattered irregularly on hillsides and more numerous in the stream valleys in the Karoo, The most frequent 
and conspicuous large shrub in the district. WL. 65. 


Royena hirsuta L. 

2661, Matjesfontein, by stream-sides in Karoo. 30 Oct. 1924. (Full flower.) 

2R91. Karoo Garden, Whitehill, by stream-side. 1 Dec. 1924. 

3011. Ngaap Kop, in kloof on south slope. 27 Sept. 1926. 

3308. Witteberg. 14 Oct. 1928. ' 

A very characteristic shrub along the dry stream-beds in the Karoo area, c. 3000 ft. Dr, C. E. Moss, who 
saw my 2661, writes: “‘ Matches Burchell 4898 cited by Hiern (Fl. Cap.) as a member of his ‘ aggregate species’ 
*R. hirsuta L.’ ” 


R. pallens Thhbg. 
2944. Karoo Garden, Whitehill, by stream-bed. 1 Nov. 1924. 


LOGANIACEAE. 
* Buddleia salvifolia Lam. 
2719. Kloof in Witteberg (Mfn.), 3000 ft. 31 Oct. 1924. 


Gomphostigma virgatum O. K. 
3702. Banks of the Baviaans River, Matjesfontein, 3000 ft. 19 Nov. 1930. 


APOCYNACEAE, 
Pachypodium bispinosum DC. 
Rocky ridges and slopes with a northern aspect, e.g. in the Karoo Garden and on Whitehill Ridge. 


oy 


liter 
ides. 
Ibis, 
lin. 
ong. 


citic 


rales 
CUS, 
ique 
nati, 
exis, 
rare 

lin. 
rum 
lus, 


ther 
ulty 
nore 

the 


‘hed 
ades 


ent 


The Flora of the Whitehill District. 305 


ASCLEPIADACEAE, 
Asclepias fruticosa L. 
Occasional in the Whitehill Karoo, near temporary standing water. 


Caralluma arenicola N. E. 
Rare in the Whitehill ies WL. 184. 


C. linearis N. E. Br. 
Rare in the Whitehill Karoo. WL. 198. 


C. mammillaris N. E. Br. 
Rare in the W hitehill Karoo. WL, 192. 
C. ramosa N. E. Br. 
Occasional on the north side of outcropping ridges of Karoo rocks at Whitehill. WL. 256. 


Cynanchum Zeyheri Schitr. 
3034. South side of Ngaap Kop, 3000 ft. 27 Sept. 1926. 
Mr. N.S. Pillans confirms this iimeinsiiin, and we are unable to find any point of difference from specimens 
from the Cape Peninusla, from which area alone had this species been previously recorded. 


Duvalia hirtella var. obscura N. E. Br. 
Occasional in the shelter of bushes in the Whitehill Karoo. WL. 183. 


Fockea Comaru N. FE. 
3346. Karoo Garden, Whitehill. Apr. 1927. 
The * combrua ” of the natives, who eat the rootstock. The aerial shoots are much eaten by sheep and small 
animals, and flowering specimens are difficult to obtain. 


Huernia Pillansii N. E. Br. 
Occasional in the shelter of bushes on outcrops of hard Karoo rocks facing north. WL. 181. 


H. clavigera Haw. 
Occasional in rock-crevices and slight shelter, usually with a north aspect. WL. 62. 


H. distincta N. E. Br. 

This plant is only known in the Matjesfontein and Whitehill Karoo, and has to my knowledge 7 been found 
four times. It is very probably a hybrid between /. clavigera and H. Pillansii, as suggested by Mr. N.S. Pillans, the 
original collector. (Fl. Cap.) This view was also taken quite independently by Mr. J. Archer, who collected it the 
second and succeeding times. Experimental proof of hybridity is, however, lacking. WL. 450. 


Microloma Archeri Compton n.sp. 

Fruticulus, caulibus teretibus angulariter flexuosis, viridis, minute puberulis, diam. 3-1 lin. Folia brevissime 
petiolata, erecta, triangularia, cordata obtusa, utrinque puberula, long. 2 lin., lat. llin. Flores 3-4 umbellati in axillis 
foliorum, bracteis linearibus. Pedicellae long. 1 lin., breviter puberulae. Sepalae lanceolatae obtusae, sparse, 
puberulae, virides, long. 2 lin., lat. 4-2/3 lin. Corolla tubo rubro glabro, vel minute puberulo, cylindrico carinis 
prominentibus 5, long. 24 lin., diam. 14 lin. interne media linea undulata capillorum deflexorum, supra puberulo, 
lobis carinatis inflexis sed apicibus erectis conniventibus, long. } lin., acuminatis, una margine ciliolatis, viridibus, 
Coronae tuberculae 0. Columna staminalis long. 2/3 lin., cylindrica. Antherae alis parvis corneis calcaratis. 

2943. Karoo Garden, Whitehill, 3000 ft. 1 Nov. 1924. 

Also collected at Whitehill by Prof. Adamson, 13 Nov. 1925. 

Near M. Massonii Schitr. and M. Burchellii N. FE. Br., but differs in the flowers being much larger in all Hh pcg in 
flower colour, in the continuous band of deflexed corolla hairs, and in the spur-like anther-wings. Mr, N.S. Pillans, 
who kindly examined the specimens, concurs in the above diagnosis. 

Named after Mr. J. Archer, Curator of the Karoo Garden, Whitehill. 


M. glabratum KE. Mey. 
2845. Karoo Garden, Whitehill. 15 July 1923. 
2963. Whitehill, 3000 ft. 19 April 1925. 


M. Massonii Schltr. 
Occasional in the Karoo Garden and elsewhere in the Whitehill Karoo. WL. 173. 
Pectinaria asperiflora N. EB. Br. 
Fairly frequent in the Whitehill Karoo. WL. 63. 
P. saxatilis N. E. Br. 
Very rare in the Whitehill Karoo, occurring prostrate on open rocky ground in very shallow soil. 
Piaranthus comptus N. E. Br. 
Fairly frequent in the Whitehill Karoo, hidden at the base of low bushes on loose soil. 


P. parvulus N. ¥. Br. 
Apparently rare in the Whitehill Karoo. WL, 185. 


Sarcostemma viminale R. Br. 
Rare in the Whitehill Karoo, among quartzite boulders, ¢.g. in the Karoo Garden. 
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Stapelia gemmiflora Masson. 
Rare in the Matjesfontein Karoo. A variety with almost black flowers. WHL. 354. 


S. Pillansii N. Br. 
The most frequent Stapelia in the Whitehill and Matjesfontein Karoo ; especially abundant in some spots near 
the base of the Witteberg, forming large dense clumps among the bushes. WL. 157. 


S. rufa Mass. 
Occasional in the Whitehill Karoo, but easily mistaken for 8, Pillansii when not in flower. WL. 337. 


Trichocaulon grande N. Br. 
Very rare in the Whitehill Karoo, where it was found for the second known time by Mr. Archer. WL. 443. 
T. Pillansii N. E. Br. 

Southern slopes of Ngaap Kop (whichis named after this plant, locally known by the Hottentot name of ‘* ngaap”’). 
Fairly frequent formerly, but now almost exterminated by collectors and on account of its edible and supposed medi- 
cinal qualities. 

CONVOLVULACEAE. 
Convoleulus ulosepalus Hallier 
3703. Banks of the Baviaans River, Matjesfontein, 3000 ft. 19 Nov. 1930. 


BORAGINACEAE, 
* Lohostemon diversifolius Buek. 
3163. Witteberg, 4000 ft. 28 Oct. 1926. 
3195. 59 in kloof, 4000 tt. 28 Sept. 1926. 
3557. - in valley, 3500 ft. 12 Oct. 1929. 


*L. fastigiata Buek. 
2704. Witteberg, in kloof, 3500 ft. 31 Oct. 1924. 


*L. glaber Buek. 
2662. Witteberg (Mfn.), in kloof, 3500 ft. 31 Oct. 1924. 
3328, =" north slope, 4000 ft. 14 Oct. 1928. 


*L. strigosus Buek. (?). 
2646. Witteberg, 4000 ft. 31 Oct. 1924. 


Determined tentatively by Mrs, M. R. Levyns. 


*L. trigonum Buek. 

3193. Witteberg, in kloof, 4000 ft. 28 Sept. 1926. 

3288. es north slope, 3500 ft. 14 Oct. 1928. 

3289. 4500 ft. 14 Oct. 1928. 

I name this, as all other species of Lobostemon, with much hesitation. 
*L. sp. indet. 

2971. Top of Witteberg (Whl.), 5000 ft. 21 May 1925, 

An undescribed species, not recognised either by Mrs, Levyns or Mr, C. H. Wright. Apparently allied to Z. 
ferocissimus DC. More material is required. 


*Z. n. sp. 
3283. Witteberg, 4000 ft. 14 Oct. 1928. 
3558. re in valley, 3500 ft. 12 Oct. 1929. 


I cannot determine this conspicuous species, with copiously bristly leaves, fastigiate growth, and corollas white 
with pink veins. I suspect it to be an undescribed species, but I hesitate to describe it in view of the monograph on 
Lobostemon in preparation by Mrs, Levyns. 

SOLANACEAE, 
*Lycium austrinum Miers, 

2564. Kloof in Witteberg, 3500 ft. 16 July 1923. 

2838. Karoo Garden, Whitehill. 6 Aug. 1923. 

2564 is a very good match of the Burke type at Kew. My specimens, as is frequently the case, are markedly 
spiny, and the anthers are all included ; in these respects differing from the description in Fl. Cap. 


L. roridum Miers. 

2530. Foot of Witteberg, 3000 ft. 11 Aug. 1924. 

2565. 3200 ft. 16 July 1923. 

2915. Karoo Garden, Whitehill. 22 June 1924. 

A puzzling plant which may turn out to be a new species. Herbarium material is scanty and imperfect. My 
plants have flowers slightly larger than described in Fl. Cap. ; they are a fair match of the specimens quoted by Wright. 
but the Burke specimen is rather slenderer and the Burchell 3110 specimens are without flowers. The glandular 
pubescence of leaves and calyx is well marked. 


*Solanum tomentosum L. 
3267. On rocks in kloof in Witteberg, 3300 ft. 16 July 1923. 
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SCROPHULARTIACEAE, 
Aptosimum ahietinam Burch. 

2916. Karoo Garden, Whitehill. 22 June 1924. (Fruiting.) 

2921. 1 Nov. 1924. (Flowering.) 

There is a good deal of confusion in herbaria with regard to this species and 4. Steingroveri Engl. The Whitehill 
plant is an exact match of the type, Burchell 1615 in Herb. Kew. (from a distant locality, Modder Gat; see Burchell’s 
Travels, i, p. 308), and also of aspecimen of Burke’s from Rhenoster Kop. It is a very characteristic depressed densely 
branching shrub, forming a rigid mat a foot or more in diameter on the surface of the ground. The flowers are of 
a dull tawny colour: the fruits persist for many years. 

The var. elongata (Benth, nomen) Hiern is a very different-looking plant, judging from the specimens quoted by 
Hiern (Muskett 6481 in Herb. Bolus), and should probably be given specific rank. 

A, indivisum Burch. 
Frequent in the Whitehill Karoo, appearing in good seasons where the soil is slightly disturbed. WL. 133. 


Diascia Burchellii Benth. 
2546. Foot of the Witteberg, in shady spots, 4000 ft. July 1923. 
3249. Whitehill Ridge, south side, 3000 ft. & Aug. 1927. 
3507. ~ a 12 Aug. 1929. 


D. tanyceras Mey. 
3500. Whitehill, in sandy hollows, 3000 ft. 12 Aug. 1929. 


D. Thunbergiana Spreng. 
3252. Bed of Baviaans River, Whitehill, 2800 ft. 8 Aug. 1927. 
*Harveya capensis. Hook. 
2763. Witteberg (Whl.) summit, 5000 ft. 10 Jan. 1925. 
A small form of this species. Only one plant was seen, which bore two flowers on the peduncle. 


Hemimeris gracilis Schltr. 

2826. Foot of Witteberg, 3000 ft. 

3247. Whitehill Ridge, south aspect, 3000 ft. 8 Aug. 1927. 

A good match of the type, Wolley-Dod 4010, from sandy and stony places by the main road in the Hex River 
Valley. 

Hyobanche rubra N. Br. 

3696. Karoo Garden, Whitehill. 9 Oct. 1930. 

Det. e descr. The anthers in this and other gatherings from the district (Bolus 13456, Matjesfontein ; Pillans in 
Herb. Bolus 14185, Osplaats) are exserted: but in other respects the agreement with the description of H. rubra is 
good. Much confusion exists between this plant and H. glabrata Hiern. The name of the latter is unfortunate, for it 
appears to be much less glabrous than H. rubra. Hiern quotes Bolus 479 under both H. sanguinea and H. rubra: 
the specimen in the Herb. Bolus (coll. Rubidge) is certainly not 4. sanguinea. 


*H. sanguinea L. 
Occasional in the Witteberg range. 


Nemesia anisocarpa EF. Mey. 
2846. Karoo Garden, Whitehill. 15 July 1923. 
*N. calearata Mey. 
3310. Witteberg, 4000 ft., in loose sand. 14 Oct. 1928, 


*N, foetens Vent. 
2518. Witteberg (Whl.), on rocks in kloof, 3000 ft. 11 Aug. 1924, 
2962. Stream bed at foot of Witteberg, 3000 ft. 19 April 1925. 


Polycarena aurea Benth. 
2569. Matjesfontein Karoo, 3000 ft. 5 Aug. 1923. 
P. tenella Hiern. 
Whitehill Ridge, south slope, 3200 ft. 13 Oct. 1929. 
A most. inconspicuous annual, an inch or two high, with very slender stems and leaves and very small white 
corollas. Compared with authentic material from Clanwilliam and Namaqualand. 


Sutera Archert Compton n, sp. 

Frutex gracilis erectus, alt. 1 ped., ubique dense minute glanduloso-puberulus. Caules teretes. Folia opposita, 
suberecta, lineare-oblonga, simplicia edentata, griseo-viridia, membranacea obtusa, long. 1/3—4 in., marginibus 
recurvis. Flores axillares. Pedicellae erectae, long. 4-6 lin. Calyx fere ad basem partitus, segmentis lanceolatis, 
ad apicem obtusum angustatis, dorse convexis, erectis, long. 14 lin. Corolla tubo cylindrico, long. 3} lin., fauce 
infundibuliforme capillis brevis flavis intus tecto, segmentis late expansis vel reflexis, late oblongis, truncatis vel 
retusis, long. 24 lin., lat. 2 lin., violaceis. Stamina 4, filamentis supra basem corollae 2 lin. instructis, parum basi 
pubescentibus, antheris longe exsertis, reniformibus, unilocularibus, flavis. Ovarium glabrum, stylo long. 14 lin., 
longe exserto. 

2849. Karoo Garden, Whitehill. 15 July 1923. 

3502. Whitehill Karoo, 3000 ft. 12 Aug. 1929. 
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Most nearly related to 8. denudata O. K., from which it differs in the obtuse leaves and sepals, the larger and 
differently shaped corolla with widely spread lobes, and the axillary flowers. Marloth 4002 (Little Karoo, Ladismith, 
C.P., 500 m.) is the same species. S. denudata is apparently a coastal and not a Karoo plant. 

Named after Mr. J. Archer, the Curator of the Karoo Garden, Whitehill. 


*Sutera brachiata Roth. 

2578. Witteberg, sheltered crevices in kloof. 5 Aug. 1923. 

2803. me shady moist crevices in kloof, 3500 ft. 30 Nov. 1924. 
*S. revoluta var. pubescens Benth. 

3561. Witteberg, south slope, 4000 ft. 12 Oct. 1929, 


S. tenuiflora Hiern. 
3509, Whitehill Ridge, north slope, 3000 ft. 13 Oct. 1929. 
Det. e deser. The corolla lobes are lavender-coloured with a yellow eye. 


S. sp. indet. 
3600. Whitehill Ridge, south slope, 3000 ft. 13 Oct. 1929, 
Intensely grazed and unrecognisable. 


Zaluzianskya inflata Diels. 

2844. Karoo Garden, Whitehill. 15 July 1926. 

3239. Whitehill Karoo. 8 Aug. 1927. 

3498. Whitehill, sandy hollows. 12 Aug. 1929. 
. An abundant annual in a good season, with very pretty flowers. The corolla lobes are crimson on the lower 
surface, and mauve with a yellow centre above. The specimens agree fairly well with Diels’ description (Engl. Jahrb., 
xxiii, p. 481, 1897), and middle-sized specimens agree with the measurements given. The size of all parts, however, 
varies greatly according to luxuriance. A good match of the imperfect material of Schlechter 10921 in Herb. Bolus, as 
far as it goes; this being quoted by Hiern in Fl. Cap. as Z. inflata. It is doubtful whether Z. falciloba Diels is truly 
distinct, and Diels himself anticipates that transitional forms may occur. 


Z. villosa var. parviflora Hiern. 
2577. Karoo flats, Matjesfontein, 3100 ft. 16 July 1923. 
3017. Karoo Garden, Whitehill. 29 Sept. 1926. 
3503. Whitehill Karoo. 12 Aug. 1929. 

Z. sp. indet, 

2842. Karoo Garden, Whitehill. 15 July 1923. 
Probably a new species, but the material is too scanty for description. An ephemeral plant, only appearing 

during relatively wet seasons. Not matched at Kew nor at the Bolus Herbarium. 


SELAGINEAE. 
Cromidon Compton nov. gen. 

Selaginearum genus nova adhuc monotypica, bractea adnata; calyce inaequaliter 5-partita, sub-bilabiata ; 
staminibus 4 perfectis, antheris unilocularibus ; ovario bicarpellato, biloculare ; ovula in loculo solitaria pendula, 
distineta. 

The posterior sepal is smallest, the two postero-lateral larger, and the two anterior largest. The corolla is 4-lobed, 
the anterior and posterior segments being slightly larger than the lateral. The bract is adnate to the calyx. The 
stamens are in two subequal pairs, and no staminode is present. The ovary is 2-carpellary, each loculus containing 
one pendulous ovule. 

This new genus differs from Selago mainly in the adnate bract, from Microdon in the unequally lobed calyx and 
the equally 2-locular ovary, from Walafrida in the 5-lobed calyx and adnate bract, and from all three in the 4-lobed 
corolla, Its proposed name is an anagram, on the model of Gosela. 


Cromidon corrigwloides (Rolfe) Compton nov. comb. 
(Selago corrigioloides Rolfe) 

2571. Foot of the Witteberg, 3000 ft. 5 Aug. 1923. 

A minute annual with slender spreading branches, finely puberulous throughout. Leaves opposite, lanceolate- 
spathulate, obtuse, with an entire margin and indistinct veins, up to 4 lin. long and 3 lin. broad, the upper similar but 
smaller. Flowers sessille in the axils of the upper leaves, to which the calyces are adnate, forming short terminal 
spikes or clusters. Calyx gamosepalous with 5 unequal teeth, the two anterior being ovate, the posterior smaller and 
subulate, membranous, pubescent, } lin. long. Corolla glabrous, white, the tube equalling the calyx, the lobes about 
} lin. long; segments 4, the posterior one sometimes notched, the two lateral the smallest. Stamens 4 in two pairs, 
inserted about half-way up the corolla tube. Anthers l-locular. Ovary orbicular, flattened, 2~locular, each loculus 
containing one pendulous ovule. Style slender, stigma simple, filiform, curved, exserted. 

My plants are reported by the Kew Herbarium as an exact match of Burchell 1335 and 1396, quoted in FI. Cap. 
under Selago corrigioloides. The above description is given to amplify that of Rolfe, which omits certain salient points. 

In transferring this plant to a new genus I have the concurrence of Mr. J. Hutchinson. 


Globulariopsis Compton n. gen. 

Selaginearum genus nova adhuc monotypica, bractea non adnata, calyce 5-partita, corolla subaequaliter 5-partita, 
staminibus 4 perfectis, antheris unilocularis, ovario uniloculare, ovula solitaria pendula, distincta. 

From Microdon this genus is distinguished by the bract being not at all adnate to the calyx, from Selago by the 
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single pendulous ovule in the unilocular ovary, and from Gosela by the fact that all four stamens produce pollen. The 


single species is unlike other Selagineae in having persistently opposite leaves. 


Globulariopsis appears to be better placed in the Selagineae than in the Verbenaceae-Stilboideae on account of 
its unilocular anther and pendulous ovule. Its nearest aflinity would appear to be with the Globulariae in which , 
it would probably be included on account of its ovary if this family were kept up. (The Globulariae are hitherto 
confined to North Africa, South Europe, 8.W. Asia, the Macaronesian Islands, and Socotra.) The Kew Herbarium 
contains no similar plant, and in founding a new genus I have the concurrence of Mr. J. Hutchinson. 


*Globulariopsis wittebergensis Compton n. sp. 
Frutex humilis caulibus divaricatis numerosis, Caules tenues, sparse pubescentes. Folia 


opposita patentia, 


plerumque internodas excedentia, long. 14-2 lin., lat. }-1 lin., elliptica obtusa integra vel rare dente singulo, glabra 
coriacea. Inflorescentia terminalis, globosa, diam. 2-3 lin. Bractea libera oblongo-lanceolata, obtusa, dorso convexo, 
incurvata, albo-pilosa praeter apicem glabrum, long. 2 lin., lat. § lin. Calyx omnino dense albo-pilosus, long. 1} lin., 
dimidio partitus, segmentis 5 aequalibus anguste triangularibus. Corolla alba, tubo leviter curvato long. 14 lin., 
segmentis orbiculatis subaequalibus expansis long. } lin. Stamina medio tubi inserta. Antheres 4 omnes pollinam 
flavam ferentes. Ovarium ovoideum fuscum uniloculare, ovula 1 apicale pendente. Stylus tenuis, basi minute pubes- 


cens. Stigma filiforme exsertum. 
2687. Witteberg summit, 5000 ft., apparently rare. 31 Oct. L924, 
Hebenstreitia dentata L. 
3242. Whitehill Ridge, south aspect, 3000 ft. & Aug. 1927. 
3601. Same locality. 30 Oct. 1929. 
*Selago glomerata Thbg. 
2794. Witteberg summit, 5000 ft. 30 Nov. 1924. 


Appears to be a reduced form of this species, the inflorescences being short rounded spikes and the whole plant 
. . . . P . 
being only a few inches high. It may, however, be a dwarf form of S. /uxurians Choisy, which appears to difler very 


little in some states from S. glomerata. 


*S. lamprocarpa Schitr. 

3186. Witteberg (Whl.), 3500 ft. 28 Oct. 1926. 

A reasonably good match of the type, Schlechter 10047 from the Cold Bokkeveld, 6000 ft. 
*S. minutissima Choisy. 

Collected by Mr. R. G. Young on the Witteberg, Sept. 1925. 
S. spinea Link. 

2558. Kloof in Witteberg, 3200 ft. 5 Aug. 1923. 

3220. Matjesfontein Karoo, near a stream, 3000 ft. 17 July 1927. 

Also collected by Prof. Adamson in a kloof in the Witteberg (Whl.), 14 July 1925. 


Det. edescr. The leaves and flowers are viscid, and the dimensions of the bracts and inflorescences exceed those 


given by Rolfe in Fl. Cap. Choisy’s description corresponds rather more closely with my plants. 


S. triquetra L.f. 
2735. Matjesfontein, by stream-side, 3000 [t. 31 Oct. 1924. 


A good match of the type in Herb. Kew. (Coll. Thunberg). Most of the specimens so named by Rolfe, however, 
have a laxer inflorescence, whereas his S. fruticulosa has a rather dense inflorescence like my plant. The separation 


of the two species appears of doubtful validity. 
S. Zeyheri Rolfe. 
2560. Matjesfontein Karoo, 3000 ft. 16 July 1923. 
2557. Kloof in Witteberg, 3000 ft. 
2852. Karoo Garden, Whitehill. 15 July 1923. 
Compared with the type at Kew. A low shrub with white sweet-scented flowers, 


MYOPORACEAE, 
*Oftia glabra Compton n. sp. 


Frutex ramosus prostratus, ubique glaber, caulibus long. 2-8 ped., virgatis, lineis e marginibus foliorum decur- 
rentibus striatis. Folia ubique opposita, illa caulium principalium ad long. ? in., lat. } in., ovato-lanceolata, acuta 
fere apiculata, ad basem decurrentem angustata, viridia coriacea, margine dentibus corneis ; illa caulium lateralium 


similia sed multum minora, sessilia, long. c. 2 lin., lat. lL lin. Flores singuli, axillares, bene odorati. 


lin. Bracteolae 0. Calyx ad basem partitus in segmentes 5 aequales lineare-oblongis erectos, long. 


Pedicella long. ¢ 
1 lin., lat. 1/5 lin., 


persistentes sed non fructum ampliantes. Corolla tubulata, alba, in siecitate fusca, extus glabra, tubo long. ¢ }-3 lin., 
diam. 1/3-4 lin., limbo rotato, parum asymmetrico, lobis orbiculatis aestivatio imbricatis, long. et lat. 1 lin., fauce 
capillis longis occludente. Stamina 4 epipetala. Antherae in tubo inclusae, loculis parallelibus parum apice confluen- 
tibus. Stylus long. 1 lin., crassus, stigmate obliquo bilobato, longe persistens. Ovarium biloculare, ovulis 2-3 in 
quique loculo. Fructus baccatus globosus diam. 1} lin., seminibus in quique loculo 1-2 nigris angulatis. 


2812. Witteberg, 4000 ft., on rocky outcrops with a north aspect. 30 Noy. 1924. 
3002. (Whl.), 3500 ft. 28 Sept. 1926. 
A very distinct species, obviously allied to Oftia in spite of the smaller number of ovules. 


It is of interest as 


being the first species added to this genus (the only genus of Myoporaceae in S, Africa, and only numbering three species 


in all) since Ecklon and Zeyher. 
VOL. XIX, PART III. 
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PLANTAGINACEAE, 
Plantago capillaris FE. Mey. 
2827. Witteberg, 3000 ft. 1 Aug. 1923. 


RUBIACEAE. 
*Anthospermum Dregei Sond. 
2652. Witteberg, 5000 ft. 31 Oct. 1924. 
A good match of the type, Drege 3016, in Herb. Kew. Hitherto known chiefly from the Cederberg district. 


*A. tricostatum Sond. 

2521. Kloof in Witteberg (Whl.), 3000 ft. 11 Aug. 1924. 

The type, Drege 9550, was not seen, but my plant is a good match of material in the Herb. Boius and at Kew. 
*A. sp. indet. (?). 

3007. Top of Witteberg, 5000 ft. 28 Sept. 1926. 

The male flowers are pentandrous ; no female flowers were seen. 


*Carpacoce scabra Sond. 
2791. Witteberg, 4500 ft. 30 Nov. 1924. 


*Galium capense Thbg. 
2806. Witteberg, shady rocks in kloof, 3500 ft. 30 Nov. 1924. 
Also collected by Prof. Adamson on the Witteberg, 14 Nov. 1925. 
These plants belong to the var. minus of the Fl. Cap. 


G. tomentosum Thbg. 
2528. Kloof at foot of Witteberg, 3000 ft. 11 Aug. 1924. 
2715. Stream-sides in Matjesfontein Karoo, 3000 ft. 31 Oct. 1924. 


*Nenaz acerosa. E and Z. (?). 
2566. Witteberg, 3300 ft. 5 Aug. 1923. 
2648. s 5000 ft. 31 Oct. 1924. 
2792. ni 4000 ft. 30 Nov. 1924, 
3004. i 4500 ft. 28 Nov. 1926. 
3662. Karoo Garden, Whitehill. 25 Aug. 1930. 
Named with hesitation in the absence of good fruits, which appear to be rarely formed. May be a variety of 
Anthospermum aethiopicum L. 
A fair match of a Zeyher plant in Herb. Hooker (no locality nor number), Schlechter 7976, 7977 (Brackfontein, 
800 ft., as V. acerosa), and Bolus 13122 (Hex River, near De Doorns, 1700 ft.). 
NV. Dreget L. Bolus. 
2939. Karoo Garden, Whitehill. 1 Nov. 1924. 
3661. Same locality. 25 Aug. 1930. (Flowering.) 
Previous gatherings of this species have been from Namaqualand and the S.W. A. Protectorate. It is of very 
rare occurrence in the Whitehill district. 
CUCURBITACEAE. 
Kedrostis punctulata Cogn. 
3012. Whitehill Ridge, 3000 ft. 26 Sept. 1926. 


CAM PANULACEAE, 
*Cyphia digitata Willd. 

2581. Kloof in Witteberg, 3300 ft. 16 July 1923. 

3006. “2 » 3500 ft. 28 Sept. 1926. 

3006 has simple leaves with an occasional small basal lobule, and the flowering stems are only 9 inches long. I 
have no doubt, howevr, that it is conspecific with 2581, which has deeply lobed leaves and a stem 3 ft. long. Compton 
3029 (Tweedside) forms an exact connecting link between them. 

Lightfootia tenella A. DC. 

2654. Witteberg, 4500 ft. 31 Oct. 1924. 

2785. : 4000 ft. 30 Nov. 1924. 
*Lobelia spartioides A. DC. 

2706. Witteberg, 3500 ft. 31 Oct. 1924. 

These plants are a fair match of Drege’s specimens in Herb. Kew. labelled ZL. lasiantha, but I have not seen the 
actual type. It is questionable whether L. lasiantha and L. spartioides will be maintained as distinct. 

L. thermalis Thbg. 

3219. Baviaans River, Whitehill, among rushes in damp places. 24 Jan. 1927. 
*Prismatocarpus subulatus A. DC. 

2787. Witteberg, 4500 ft. 30 Nov. 1924. 


*Wahlenbergia Ecklonit Buek. 

2669. Witteberg, sandy places, 4500 ft. 31 Oct. 1924. 

This is the var. brevisepala v. Brehmen, with calyx lobes 2-3 mm. long. A plant collected on the Witteberg, 
5000 ft., by Prof. Adamson may be the type with longer sepals. 
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*W. Guthriei L. Bolus. 

3223. Witteberg, 4500 ft. (Mfn.). 17 July 1927. 

Determined by Mrs. Bolus, who writes: “* Considering the extreme variability of this species, I should think this, 
together with Bolus 11589, might be regarded as a slender form.” 


COMPOSITAE, SECTION ASTEREAE. 
Amellus microglossus DC. 
3248. Bed of Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927. 


A. strigosus Less. 
3296. Karoo Garden, Whitehill. 15 Oct. 1928. 
Also collected at Matjesfontein by Mr. R. G. Young, Sept. 1925. 


*Aster Bodkinii Compton n. sp. 

Frutex alt. ad 3 ped., plerumque brevior, rigidus virgatus, omnino glaber praeter achaenia et cirros axillares 
celatos. Caules robusti teretes, juventute pallide, purpureo tincti, maturitate nigrescentes: laterales arcuato- 
erecti, basi tumido. Folia alterna, non fasciculata, distantes vel imbricata, juvena semi-amplexicaulia, arcuato- 
erecta, teretia, supra sulcata, acuta vel apiculata, long. 2-4 lin., lat. 1/3-} lin., pallide virentia, superficie obscura, 
minute punctata, in siccitate foveolulata. Capitula solitaria, terminalia erecta, diam. 4-llin. Pedunculus ebracteatus, 
long. 1/6-} lin. Involucrum obconicum, bracteis 4-seriatis, gradatis, intimis long. 2-3 lin., oblongis obtusis pallidis, 
carina translucente, apice marginibusque purpureis, minute fimbriatis. Flores radiales ligulati, purpureo-azurei, 
limbo anguste oblongo expanso long. ad 4lin. Flores disci flavi marcente purpurascentes, quam involucram longiores, 
tubo long. 14-2 lin., lobis ovatis long. }lin., antherislong. llin. Achaenia radii discique oblonga, non rostrata, appresse 
argenteo-pilosula. Pappus setis exterioribus brevibus, interioribus albis barbellatis non caducis long. 14-3 lin. 

2717. Top of Witteberg, 5000 ft. 31 Oct. 1924. 

2817. Witteberg, rocky places, 4000 ft. 30 Nov. 1924. 

3076. ee (Whl.), 4000 ft. 28 Sept. 1926. 

3278. $s 3500 ft 14 Oct. 1928. 

3670. Karoo Garden, Whitehill. 9 Oct. 1930. 

Other gatherings of this species are Bodkin (Skurfdebergen, near Gydouw, Dec. 1891), Bolus 11528 (stony places, 
top of the Zwartberg Pass, 5400 ft., Dec. 1904), Schlechter 8837 (Ezelbank, Clanwilliam Div., 3500 ft., 3 Sept. 1896), 
Pillans in Herb. Bolus 14156 (Tafelberg, Worcester Div., 3000 ft., Oct. 1921), Phillips 1893 (Matroosberg, 5500 ft.), 
Tyson in Herb. S.A. Mus, 10439 (Zwartberg Pass), Davidson 44 (Hex River Valley), Phillips 1569 (Seven Weeks Poort), 
Rogers 16759 (between Osplaats and Tunnel 2000-3000 ft.). 

This species has been much confused with Aster filifolius Vent., from which it differs in the erect virgate growth, 
the non-fascicled shorter and stouter leaves. It inhabits more arid conditions than 4. filifolius, but even when they 
grow in the same locality, as at Tweedside, they are unmistakeably distinct in the field. (Cf. Compton 3068, 4. Bod- 
kinii, and Compton 3067, A. filifolius, both from Tweedside). 

Fresenia fasciculata Bolus is a close relative, though rayless, of this species and of A. filifolius. The presence or 
absence of ray florets is very inconstant in some genera. (Cf. Aster discoideus Sond.) Pearson 2075 in Herb. 8. A. Mus. 
(from Nelspoort) was actually named Fresenia fasciculata, though it has ligulate ray florets. 

I dedicate this new species to Mr, A. A. Bodkin, who was one of its earliest collectors. 


*Aster Schlechteri Compton n. sp. 

(Diplopappus elongatus DC.) 

2816. Witteberg (Whl.), 3000 ft. 30 Nov. 1924. 

I have not seen Drege’s original specimen of Diplopappus elongatus, collected on the Zuurberg at 2500-3500 ft. 
(De Candolle misquotes the locality and altitude). Some doubt therefore attaches to this determination. The 
Fl. Cap. makes D. elongatus DC. a variety of D. filifolius DC. My plants are certainly distinct from this species, and 
if the genus Diplopappus is maintained they should be named D. elongatus ; if included in the genus Aster anew 
specific name must be assigned to them, owing to the prior existence of the name A. elongatus Thbg. for a different 
species. I have therefore named it A. Schlechteri, after the collector of a specimen of this species (Schlechter 8783, 
Koudeberg, 4000 ft.), whose name has not hitherto been commemorated either in Aster, Diplopappus, or Felicia. 

Other gatherings of this beautiful plant are Compton 3266 (Seven Weeks Poort, 2000 ft.), Bolus 11958 (Zwart- 


berg Pass, 3400 ft.). 


*Chrysocoma coma-aurea L. 
2505. Foot of Witteberg, 3000 ft 5 Aug. 1923. 


C. oblongifolia DC. 

3681. Karoo Garden, Whitehill. 9 Oct. 1930. 

Det. edeser. I have not seen Drege’s type. collected “* between Hex River Mountains and the Bokkeveld,” but 
the agreement with the original description in DC., Prodr., supplemented by Harvey in Fl. Cap., iii, p. 95, is very close, 
I know of no other collection. The plant is a soft low shrublet with yellow capitula: the leaves are glabrous save for 
the rigidly ciliate margins, and have a marked reddish tinge. 


C. tenuifolia Berg. 
2663. Witteberg, 4000 ft. 31 Oct. 1924. (This would belong to the var. microcephalus Harv.) 


2840. Karoo Garden, Whitehill. 15 July 1923. 
3074. Witteberg. 28 Sept. 1926. 
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Felicia adfinis Nees. 

2865. Karoo Garden, Whitehill. 6 Aug. 1923. 

3098. re = 29 Sept. 1926. 

3542. 13 Oct. 1929. 

The Whitehill plant isa small annual, two or three inches in height, with leaves mainly alternate, obtuse and entire, 
hairy on leaves, stems and involucres, with long blue ray florets and yellow disc florets, some of which are fertile. It 
is abundant at Whitehill in a good season and makes an attractive display. From Aster rotundifolius Thbg. it appears 
to differ, according to a MS, note of Mr, J. Hutchinson, who writes: ‘A. rotundifolius is not the same as A. capensis as 
stated by Harvey. The leaves are very rounded and there are about 20 very narrow involucral bracts. Two specimens 
seen in Herb. Thunberg. J. H., Nov. 1920." It somewhat resembles 4. Bergerianus Harv., but for the fertility of 
some of the disc florets. From A. pusilla N. E. Br. (collected at Matjesfontein by Prof. F. E. Weiss) my plant differs 
in its much longer ray florets. On the whole I regard it as nearest A. (Felicia) adfinis Less., but dwarfed by the 
shallowness of the soil and the arid conditions. 

*F, bellidioides Schltr. 

3162. Top of Witteberg (Whl.), 5000 ft. 28 Oct. 1926. 

3332. Witteberg, south slope, 4000 ft. 14 Oct. 1928. 

A good match of the type, Marloth 2267 (Matroosberg, 2000 m., Dec. 1895), but with slightly less hairy leaves. 
Bolus 6012 (coll. Alfred Bolus) from the top of the Matroosberg is also more silvery-hairy. My plants are more like 
Marloth 2330 and Guthrie 4175 (coll. Alfred Bolus), both from the Winterhoek Mountain at about 5000 ft. Bolus 5066, 
from the summit of the Winterhoek Mountain, 6300 ft. (sub. nom. Felicia adfinis in Herb. Bolus), appears to be the 
same plant, and is of the more hairy form. The amount of clothing is probably related to the altitude. 


*}, lasiocarpa Compton nov. comb. 
(Mairea lasiocarpa DC.) 

3073. Witteberg. 28 Sept. 1929. 
*Felicia monticola Compton n. sp. 

Suffrutex parvus alt. ad 6 in., ramis basi decumbentibus. Caules tenues, basi lignosi foliosi in pedunculis longis 
terminalibus erectis prolongati, infra glabri supra longis pilis sparse instructi. Folia lineare-lanceolata, long. 4-6-8 lin., 
lat. }-1]} lin., erecto-patentia, marginibus et aliquando mesonervis longe ciliatis. Pedunculi long. 2-3 in., tenues, 
glandulo-pubescentes, bracteis 1-2 parvis distantibus. Involucrum c. 13 bracteis oblongis obtusis, glandulo-pubes- 
centibus, long. 2 lin., lat. 4 lin., paucis bracteis minoribus exterioribus. Flores radiales c. 13, ligulati, coerulei, disci 
numerosi. Achaenia maturitate fere nigra, pubescentia. Pappus plumosus long. 14 lin. 

2724. Top of Witteberg, 5000 ft. 31 Oct. 1924. 
fe 3073. Witteberg (Whl.), 4500 ft. 28 Sept. 1896. 

<i 3158. Witteberg (Whl.), 5000 ft., in sandy ground. 
Closely allied to Felicia lasiocarpa Compton (Mairea lasiocarpa DC.), from which it differs chiefly in its more 


- compact growth, smaller capitula, and involucral bracts. It has also been gathered on the Zwartberg by Bolus, whose 
: 11526 comes from 5400 ft., and whose 11954 from 6100 ft. alt. 
Felicia muricatus Nees. 
2841. Karoo Garden, Whitehill. 15 July 1923. 
2887. 1 Dee. 1924. 
2903. re ”» 10 Aug. 1924, 
3581. Foot of Witteberg, 3000 ft. 12 Oct, 1929. 
*F. ovata Compton nov. comb. 


(Leyssera ovata Thbg., Prod., 160, 1800. 
Kaulfussia strigosa Spr. {. Suppl., 25, 1828. 
Agathaea strigosa Nees, 1832. 
leh? Aster Charieis Less., Syn., 171, 1832. 

A. strigosus Licht. ex Harv., Fl. Cap., iii, 83, 1864. 

Agathaea barbata DC., Prod., v, 224. , 

Aster barbatus Harv., Fl. Cap., iii, 81, 1864. 

Mairea felicioides Hutchinson and Corbishley, Kew Bull., p. 329, 1920.) 

2622. Witteberg, north slopes, 4000 ft. 16 July 1923. 

Mr. Hutchinson agrees with me that it is impossible to separate the various plants grouped under the foregoing 
names. The oldest specific name must “be adopted, this leading to the nov. comb. Felicia ovata. 

Mr. Hutchinson and I also agree that it is impossible to separate the genus Mairea from its allies on pappus 
characters alone and that the following species should now be removed from that genus: M/. taxifolia DC., M. cale- 
donica Hutchinson, M. decumbens Schitr., M. lasiocarpa DC., M. montana Schlitr., M. microcephala DC., M. foliosa 
Harv., and M. corymbosa Harv. TheseShould now be placed in Aster or in Felicia according to the view taken of the 
scope of these genera ; and I have adopted the genus Felicia with which all the above plants show an aflinity in habit 
of growth. This leaves the genus Mairea composed of the following species, all of which are characterised by a scapose 
or sub-seapose inflorescence and leaves mainly radical or basal: M. crenata Nees (the “* type-species ”’), M. coriacea 
Bolus, 7. hirsuta DC., M. Burehellii DC., M. perezivides Nees, and M. pustulata Phillips. 

F. Rogersit S. Moore. 

2511. Foot of Witteberg, 3200 ft. 5 Aug. 1923. 

2904. Karoo Garden, Whitehill. 6 Aug. 1923. 

3517. a a 12 Aug. 1929. 
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Agrees with the type, Rogers 16427 (Orchard Siding), in Herb. Bolus. A very showy plant, the capitula in a 
luxuriant specimen being more than 2 in. in diameter (much larger than given by Spencer Moore), the ray florets mauve, 
the disc yellow ; the heads are strongly sweet-scented, a rare feature in the group. 


F’, teres Compton n. sp. 

Frutex erectus, alt. 1-2 ped., omnino glaber praeter achaenia axillasque. Caules teretes angusti lignosi nigri- 
cantes, cicatricibus foliorum prominentibus. Folia non fasciculata, alterna erecto-patentia, teretia, supra sulcata, 
saturate viridia, siccitate foveolulata, apiculata fere pungentia, long. 3—1 lin., lat. } lin. Capitula solitaria, terminalia, 
diam. c. } in. Pedunculus foliis superioribus celatis, long. c. 2 lin. Involucrum obconicum, bracteis 3-seriatis 
gradatis, interioribus long. 2 lin., pallidis carinatis, marginibus rubidis fimbriatis. Flores radiales ligulati, anguste 
oblongi, limbo albo long. ad 3 lin. Flores disci flavi, marcente purpurascentes, tubis angustis supra expansis, long. 
2 lin., lobis acutis fere acuminatis, long. } lin. Achaenia radii discique plana marginibus incrassatis, ovato-oblonga, 
long. 1 lin., non rostrata, appresse argenteo-pilosula. Pappus albus uniseriatis non caducus, setis barbellatis long. 2 lin, 

2970. Foothills of the Witteberg (Whl.), 3000 ft. 19 April 1925. 

Much resembles Aster Bodkinii, but differs from that species in the more slender stems and leaves, the fewer 
involueral bracts, the colour of the ray florets, and the absence of the outer short row of pappus bristles. The last- 
named character entails a generic distinction and emphasises the artificial nature of the classification of this group of 
Compositae. 


venusta 8. Moore. 
3083, 3083a. Top of Witteberg (Whl.), 5000 ft., south aspect, and on northern slopes at 4500 ft. 28 Sept. 1926. 
3330. Witteberg. 14 Oct. 1928. 
Det. e descr. The type, Rogers 16565, was collected at Orchard Siding. 


*Pteronia adhaerens Compton n. sp. 

Frutex alt. 1-2 ped., pseudodichotomosus, omnino glaber et juventute viscosus. Caules rigidi teretes, cicatricibus 
foliorum connatis conspicuis, cortice maturitate albido-griseo. Folia opposita, leviter connata, basi divaricata, 
erecta sub flexuosa teretia, in siccitate suleata, minute papillata, long. 4-8 lin., lat. $ lin. Capitula solitaria terminalia 
subsessilia erecta ovoidea, long. c. 9 lin., diam. 4lin. Involucri bracteae 3—4 seriatae, c. 16, subluteae viscidae lanceo- 
latae obtusae corneo-membranaceae glabrae, intimae long. 7 lin., lat. 3 lin., non carinatae, obscurae venosae. Flores 
c. 12, corolla flava long. 6 lin., lobis glabris acutis long. 1 lin., antheris long. 14 lin. Achaenia fusca complanata 
obcuneata, long. 2 lin., lat. 1} lin., pilis erectis longis tecta. Pappi setae barbellatae subfuscae inaequilongae, long. ad 
6 lin., annulo connatae, supra achaenium constricto. 

2813. Foot of Witteberg, 3000 ft. 30 Nov. 1924. 

The general appearance of this species is closely similar to that of P. flexicaulis var. minor S. Moore, but the 
capitula are quite different, recalling those of P. viscosa. 


P. Bolusii Phillips. 

2942. Karoo Garden, Whitehill: 1 Nov. 1924. 

3594. 13 Oct. 1929. 

3680. 9 Oct. 1930. 

Also collected near Matjesfontein by Prof. Thoday in Sept. 1922 (in Herb. Bolus 17290). 

A good match of the type, Bolus 745, from Graaf Reinet, where one bush only was seen at the mouth of the 
Broederstroom River, 2600 ft. It is probable that this species has been overlooked owing to its similarity with the 
more abundant P. incana, which, however, differs by its glabrous involucre and other details. 


P. cinerea Lf. 
2941. Karoo Garden, Whitehill. 1 Nov. 1924, 
3595. 13 Oct. 1929. 
A species previously known only from the N.W. Cape Province (Namaqualand, Calvinia, Clanwilliam), and one 
of the many links between the flora of that region and that of the Whitehill district. 


*P. fasciculata L..f. 
2784. Foot of Witteberg, 3000 ft. 30 Nov, 1924. 


P. flevicaulis L.f. 
2946. Karoo Garden, Whitehill. 1 Nov. 1924. 
Characteristic of outcrops of quartzite rock in the Karoo formation, 


P. Foleyi Hutchinson and Phillips. 
2520. Whitehill Karoo. 11 Aug. 1924. 
2945. Karoo Garden, Whitehill. 1 Nov. 1924. 
3202. i 5 21 Nov. 1926. 
Also collected by Prof. Adamson at Matjesfontein. 
Compared with the type at Kew. Probably the most abundant species of Pteronia in the Matjesfontein and 
Whitehill Karoo. 


P. glomerata 1..f. 
2947. Karoo Garden, Whitehill. 1 Nov. 1924. 
3541, 3953. Karoo Garden, Whitehill. 13 Oct. 1929, 


\ 
re, 
It 
Ts 
as 
of 
rs 
he 
ke 
6, 
Ss 
Sy 
ci 
re “a 
| 
si, 
1S 
a 
it 
a 


314 Transactions of the Royal Society of South Africa. 


P. Hutchinsoniana Compton n. sp. 

Frutex erectus. Caules rigidi teretes, cicatricibus subconnatis instructi, juventute subfusci, maturitate obscuri- 
ores, minute albo-puberuli. Folia opposita, subimbricata, subconnata, e base lata oblonga obtusa, valide carinata, 
laete viridia, rigida, glabra, marginibus subincurvatis setoso-dentatis. Capitula solitaria terminalia sessilia erecta, 
eylindrico-obeonica, long. 1-1} in., ore diam. $ in. Bracteae involucri foliis transeuntis, 5-G-seriatae, gradatae, 
intimae long. } in., lat. 3 lin., ovato-lanceolatae obtusae glabrae, parte medio fusco, alis pellucidis albis membranaceis 
laceratis. Receptaculum paleis scariosis anguste triangularibus dentatis inter floribus instructum. Flores c. 12. 
Corolla albida long. 7 lin., lobis obtusis long. } lin. Antherae parum exsertae, long. 2 lin. Styli rami long. 1} lin., 
apicibus subulatis. Achaenia pilis basalibus. Pappi setae fuscae rigidae barbellatae, basi connatae, long. 6 lin. 

2940. Karoo Garden, Whitehill, in rock-crevices, rare. 1 Nov. 1924. 

3300. Same locality. 15 Oct. 1928. 

3665. Same locality. 25 Aug. 1930. 

A very handsome species, of which I only know about a score of bushes in the one locality. The long brown and 
white involucres are characteristic. The paleae are unusual in the genus and so is the white colour of the florets, but 
the affinity with Pteronia is clear. The nearest relationship is with P. elongata Thbg. and P. staehelinoides DC. I 
dedicate it to Mr. J. Hutchinson of the Kew Herbarium. the monographer (with Dr. Phillips) of the genus Pteronia, 
who gave me valuable assistance in my work. 

P. incana DC. 

2710. Matjesfontein Karoo, 3000 ft. 31 Oct. 1924, 

3588. Karoo Garden, Whitehill. 13 Oct. 1929. 

3677. 9 Oct. 1930. 

P. pallens 

2809. Karoo Garden, Whitehill. 1 Dee. 1924. 

Forms local societies in the Karoo which are noticeable on account of the pallid colour of the stems and leaves. 
Has the reputation of being injurious to stock, owing to the balling together of the viscid leaves in the animal’s mouth 
and throat. 


*P. paniculata Thbg. 
2811. Foot of the Witteberg, 3000 ft. 30 Nov. 1924. 
P. viscosa Thhbg. 
2890. Karoo Garden, Whitehill. 1 Dec. 1924. 
3200. 21 Nov. 1926. 
Also collected by Prof, Adamson at Whitehill, Sept. 1925. 


COMPOSITAE, SECTION INULEAE, 
Alatoseta Compton nov. gen. 

Genus adhuc monotypica. Capitula heterogama, radiata, floribus radiiQ 1-seriatis discique 3 fertilibus. In- 
volucrum bracteis multiseriatis, exterioribus angustis alatis squarrosis pungentibus, interioribus erectis acuminatis 
alatis. Receptaculum planum, paleis angustis copiosis longis inter flores densissimis tectum. Corollae 9 ligulatae 
purpureae ; 3 regulares tubulosae 5-fidae, sub medio transverse plicatae. Antherae minute appendiculatae. Styli 
rami elongati angusti semi-teretes obtusi. Achaenia brevia, dense pilosa. Pappi setae 1-seriatae 5 rigidae erectae 
basibus alis 2 erectis hyalinis semi-ovatis instructae. 

For vegetative characters, see below, under Alatoseta tenuis, the type species. 


Alatoseta tenuis Compton n. sp. 

Plantaannua. Caules divaricati angusti rigidi teretes, pilis longis sparsis mollibus tecti. Folia alterna acicularia, 
long. }-1 in., lat. 1/3 lin., infra carinata, supra sulcata, laxe pilosa, glandulosa, subrigida, apice pungente. Capitula 
terminalia solitaria erecta. Peduncul ilong. 2-4 lin., bracteis subulatis pungentibus in bracteis involucri gradatim 
transeuntibus tecti. Involucrum bracteis exterioribus angustis, membranaceo-alatis, apicibus subulatis pungentibus, 
patentibus vel reflexis ; interioribus erectis, supra medio membranaceo-alatis, acuminatis, long. 4 lin., lat. 2/3 Tin. ; 
omnibus nigro-fuscis praeter margines hyalinos. Flores radii purpurei ligulati feminei, long. 3lin. Flores disci herma- 
phroditi tubulosi, long. 24 lin., sub medio transverse plicati vel invaginati. Receptaculum paleis numerosis angustis 
long. 2 lin. Antherae minute appendiculatae. Styli rami angusti teretes, obtusi, hispidi. Achaenia brevia, pilis 
setosis erectis dense tecta. Pappi setae 5, long. 2/3 lin., quaeque 2 alas hyalines semiovatas long. 1/3 lin., basi lateraliter 
ferentes. 

3615. Karoo Garden, Whitehill, in sandy soil. 30 Oct. 1929. 

3704. Karoo Garden, Whitehill. 9 Oct. 1930. 

Alatoseta tenuis differs sufficiently from related Compositae to be considered as the type of a new genus, the name 
of which is intended to refer to the characters of the pappus. At first glance this plant recalls an Athrixia in the 
spreading almost pungent points of the outer involucral bracts, the colour of the ray florets and the slender leaves 
(cf. Athrixia angustissima DC.). From Athrixia, however, it differs markedly in the presence of numerous long palae 
on the receptacle, in the short hairy achene, and in the pappus. Its short achene and receptacle characters recall 
Geigeria, but there are marked differences in general habit, flower colour, and involucre. The pappus characters, 
moreover, distinguish Alatoseta from all other genera. The winged pappus bristles are curiously like the awned 
bilobed membranous glumes of some grasses, e.g. Pentaschistis. They are clearly related to the awned pappus scales 
in some Geigeria spp., but the wings in Alatoseta are attached near the base of the bristle, whereas in Geigeria the 
bristle is apparently excurrent from the entire scale. 
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'*Amphiglossa Kolbei Bolus. 


ri- 2689. Top of Witteberg, 5000 ft. 31 Oct. 1924. 
ta, 3335. Witteberg summit, 5000 ft. 14 Oct. 1928. 
ta, Previously only collected once, on the Zwartberg Pass. 
€ A. tomentosa Harv. 
= 3201. Karoo Garden, Whitehill. 21 Nov. 1926. 
3626. 30 Oct. 1929. 
“s Also collected by Prof. Adamson in a kloof in the Witteberg, 14 Nov. 1925, 


*Elytropappus adpressus Harv. 
2983. Witteberg, 4500 ft. 22 May 1926. 


*E. Rhinocerotis Less. 


nd 2664. Witteberg, 3500 ft., by stream. 31 Oct. 1926. A curious form, not matched at Kew or in the Herb. 
- Bolus, with hairy glandular scarious leaf apices ; doubtfully referred to this species. 

= 3079. Witteberg, 4500 ft. 28 Sept. 1926. 

a, 


*Gnaphalium candidissimum Lam. 
3090. Witteberg, in kloof, 3000 ft. 28 Sept. 1926. 
Also collected by Prof. Adamson in a similar locality, 14 Nov. 1925. 


G. glomerulatum Sond. 
3245. Bed of Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927. 
The bracts are reddish, not horn-coloured, but other resemblances are good. Grows mixed with Lasiopogon 
muscoides, which it much resembles. 


15, Helichrysum Archeri Compton n. sp. 
th Fruticulus, basi lignosus. Caules foliaque albo-tomentosi. Ramulierecti angusti, alt. 1-2 in. Folia oblonga 
sessilia obtusa, long. 1-1} lin., lat. 1/3 lin., erectaimbricata. Capitula solitaria terminalia sessilia. Bracteae involucri 
c. 5-seriatae, extimae erectae scariosae ellipticae, intimae apicibus expansis subobtusis albis vel pallide roseis, longis- 
simae long. c. 24]in. Flores c. 20, omnes hermaphroditi. Corolla flavalong. 1}lin. Achaenia papillata. Pappisetae 
uniseriatae, scabridae subflavae, long. 14 lin. 

2936. Karoo Garden, Whitehill, on white quartzite patches. 1 Noy. 1924. 

3292, 3294. Same locality. 15 Oct. 1928. 

3597. Same locality. 13 Oct. 1929. 

A small and inconspicuous species, probably falling into the Section Leptolepidea Moeser, or into Argyreia Section 
Obvallata of the Fl. Cap. Allied to H. Fleckii S. Moore. 


H. capillaceum Less. 
3250. Bed of Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927. 


le H. ericaefolium Less. : 
is Karoo Garden, Whitehill. Nov. 1929. . 
le *H. ericoides Pers. 
li 2776. Witteberg, 3000-5000 ft., in rock-crevices, especially at higher altitudes. 10 Jan. 1925. 
e Locally known as the “ klip-rhenoster ” owing to the striking resemblance of its vegetative parts to Elytropappus 
Rhinocerotis, as mentioned in the Fl. Cap. 
*H. erosum Harv. 
Collected in the Witteberg by Mr. R. G. Young, 1925. 
A, *H. excisum Less. 
a 2531. Foot of Witteberg, 3000 ft. 11 Aug. 1924. 
nl 2767. Witteberg (Whl.), shale slopes, 3000 ft. 10 Jan. 1925. 
S, 2956. Foot of Witteberg (Whl.), 3000 ft. 21 May 1925, 
2 *H. hamulosum ¥. Mey. 
2764. Witteberg (Whl.), 3000 ft. 10 Jan. 1925. 
c The leaves in this species are by no means ‘ constantly hook-pointed ” as stated in the Fl. Cap. ; in most speci- 
- mens the majority of the leaves are straight or very slightly hooked. 
*Helichrysum lancifolium Thhbg. 
2700. Witteberg, 5000 ft. 31 Oct. 1924. 
2798. se 4000-5000 ft. 30 Nov. 1924. 
( 3175. 5000 ft. 28 Oct. 1926. 
e A good match of the types in the Herb. Kew. Drege collected it in the Langekloofberg, where it was later 
$ collected by Bolus 2347. Also from the George district (Young in Herb. Bolus) and from Ceres (Bolus without number, 
e sub nom. Helipterum canescens in Herb. Bolus). Although of fairly wide distribution it has been very little collected. 
i The growth is decumbent and the involucres are a peculiar dull red outside and shining white inside. 


H. laneum 8. Moore. 
2937. Karoo Garden, Whitehill. 1 Nov. 1924. 
Agrees well with the description and matches the type (Rogers 16760 from Laingsburg) in Herb. Mus, Britt. 


and in Herb. Bolus. Other gatherings of this species are Bolus 11972 (near Prince Albert Road Station) and 11538 


is 
i 

a 
+4 

at. 

4 

74 


316 Transactions of the Royal Society of South Africa. 


(near Prince Albert), Pillans in Herb. Bolus 14149 (Whitehill) and 16457 (2 miles N.E. of Prince Albert Road). Nos. 
11972 and 14149 were previously named H. obvallatum, and 11538 Leontonyz sp. 


*H. Leipoldtii Bolus. 

2665. Witteberg, 4000 ft. 31 Oct. 1924. 

3087. e (Whl.), 3500 ft. 28 Sept. 1926. 

3309, 3299. Witteberg. 14 Oct. 1928. 

Also collected by Prof. Adamson at Matjesfontein, 14 Nov. 1925. 

Compared with typesin Herb. Bolus. My gatherings belong to the var. parvifolia Bolus, which, however, appears 
to be a“ form of the type adapted to more severe life conditions,” as Bolus himself remarks. The types come from the 
Cederberg (Leipoldt 510, Bolus 9022), but the plant has been collected on the Western Karoo also (Bolus 13133, near 
De Doorns; Pillans in Herb. Bolus 14160, on slopes above Tunnel Siding). It is well distinguished in the Section 
Imbricata by its acute involucral bracts, the inner ones being bright yellow. 


H. Leontonyx DC. 
2875. Karoo Garden, Whitehill. 6 Aug. 1923. 
A Namaqualand species which, like so many others, also occurs sparingly in the Western Karoo. The capitula 
have more numerous florets than described in the Fl. Cap. (copied from De Candolle), viz. about 8 marginal filiform 
female florets and about 32 perfect dise florets in full-sized heads. 


*H. lucilioides Less. 
Collected on the Witteberg by Prof. Adamson, 14 Nov. 1925, and at Matjesfontein by Mr. R. G. Young. 


*H. paniculatum var. angustifolium Harv. x 
. 2539. Witteberg (Whl.), 3800 ft. 11 Aug. 1924. 

2698. Witteberg, 3500-5000 ft. 31 Oct. 1924. 

Abundant all over the range. The involucres are pure white or rosy, and the capitula are usually, though not 
always, solitary. 

H. revolutum Less. 

2709. Foot of the Witteberg, 3500 ft. 31 Oct. 1924. 

3301. Karoo Garden, Whitehill. 15 Oct. 1926. 

3550. Foot of Witteberg, 3500 ft. 12 Oct. 1929. 

3616. Whitehill Ridge, south side, 3200 ft. 30 Oct. 1929. 

The heads are rather fewer and the leaves rather smaller than in material from the western coastal districts. 
Other gatherings, however, from intermediate localities link the forms together (e.g. Tyson 711, Hex River Valley, 
1700 ft. ; Pillans in Herb. Bolus 14162, Tafelberg, Worcester Div., 3000 ft.). Similar plants also occur in Namaqualand 
(e.g. Bolus 9561 from Spektakel ; Schlechter 11178 from Waterklip). 


H. silicicolum Compton n. sp. 

Fruticulus, basi lignosus, caulibus erectis gracilibus. Caules foliaque tomento argenteo arcte appresso tecti. 
Ramulilong. 1-2in. Folia erecta imbricata sessilia oblonga obtusa, long. 1-14 lin., lat. 1/3-3 lin. Capitula solitaria, 
sessilia, long. 2 lin., diam. 14 lin. Bracteae involucri erectae coneavae, fere cucullatae, obtusae, scariosae, apicibus 
rubro-fuscis, ¢, 4-seriatae, quam pappum parum breviores. Receptaculum planum, non fimbrilliferum. Flores c. 13, 
omnes hermaphroditi, long. 1 lin. Pappi setae uniseriatae, pertenues, quam corollam fuscam longiores. Achaenia 
fusca, minute papillata. 

2889. Karoo Garden, Whitehill, 3000 ft., among white quartz rubble. 1 Dec. 1924. 

A very small species, somewhat resembling H. Archeri in association with which it grows at Whitehill, but quite 
distinct in its capitula and in other details. Another small-leaved shrublet, H.laneum, also grows in close proximity. 
H. silicicolum is most closely allied to H. obtusum Moeser, H. Dinteri S. Moore, and H. zwarthergense Bolus. From the 
two first it is distinguished by its smaller imbricate leaves, and from the last by its solitary capitula and the appressed 
tomentum. 


H. Zeyheri Less. 
2976. Karoo near the foot of the Witteberg, Whitehill, 3000 ft. 21 May 1925. 
Also gathered by Prof. Adamson, 14 Nov. 1925. 


*Helipterum Dregeanum DC. 
2525. Witteberg (Whl.), 3500 ft. 11 Aug. 1924. 
2732. Witteberg, 3000 ft. 31 Oct. 1924. 


*H. ferrugineum Sond. and Harv. 

2802. Witteberg, 5000 ft. 30 Nov. 1924. 

This handsome plant, about 18 in. high, with bright yellow capitula 1} in. long, exactly matches the type at 
Kew (Mund, Cape, in Herb. Hooker), Schlechter 10021 (Cold Bokkeveld) in Herb. Bolus, but not in Herb. Kew., 
and Leipoldt 642 (Cederberg) in Herb. Bolus are not H. ferrugineum, but H. flavum Compton. 


*H. flavum Compton n. sp. 

Frutex parvus erectus virgatus, caulibus foliisque pilis lanosis albis vel ferrugineis dense tectis. Folia erecto- 
patentia, inferiora imbricata, apicibus patentibus vel reflexis, oblonga, obtusa, long. c. 4 lin., lat. 2 lin., superiora 
gradatim minora distantioraque. Capitula solitaria pedunculata terminalia obconica, long. 6-8 lin. Bracteae 
involucri flavae, extimae parum obscuriorae, vix aut non flores excedentae, lanceolatae, acuminatae scariosae. Flores 
ce. 20. Corolla flava, long. 5 lin. Achaenia nigra, minute papillata. Setae pappi 25-30 plumosae albae, apice flavae, 
corolla aequantes. 
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Nos. 2762. Witteberg (Whl.) summit, 5000 ft. 10 Jan. 1925. 

H. flavum is distinguished from other yellow-flowered species by the fact that the florets are of practically the 
same length as the involucre ; from H. virgatum, which also has this feature, it differs in the peduncle being densely 
woolly with white hairs, the leaves having a distinct midrib and a tendency to be recurved at the apex ; moreover, the 
leaves are broader and those on the peduncle have a scarious apex. 

Schlechter 10021 (Cold Bokkeveld) in Herb. Bolus (not in Herb. Kew., the gathering being a mixed one) is this 
species, and not H. ferrugineum Sond.and Harv. So are Leipoldt 642 (Cederberg Sneeuwkop, 6000 ft.) in Herb. Bolus, 


Pars and Drege (Great Zwartberg, near Klaarstroom, on stony hills 3000-4000 ft.) in Herb. Kew. 
th 
*H. Loganianum Compton n. sp. 
teed Caules decumbentes parum ramosi. Folia imbricata oblonga obtusa integra, mesonervo infra prominente, long. 
. . . . . . 
ad } in., lat. 2 lin. Caules foliaque tomento denso appresso argenteo-griseo, partibus junioribus ferrugineo, omnino 


obtecti. Capitula solitaria terminalia, long. c. 1} in. Bracteae involucri extimae c. 10-seriatae, lanceolatae, acutae, 
scariosae albae nitentes, apicibus et marginum partibus distalibus fusco-nigro maculatis ; intimae flores amplectentes 
et aequantes. Flores c. 60. Corolla flava long. 3-4 lin. Setae pappi c. 25 plumosae, albae. Achaenia minute 
ula scaberula. 


Tm 2711. Witteberg, 5000 ft. 31 Oct. 1924. 
3086. ns 41000-5000 ft. 28 Sept. 1926. 
3174. “ 5000 ft. 28 Oct. 1926. 


H. Loganianum resembles H. variegatum in the colouring of its involucre, but differs from that species in the less 
robust decumbent habit, the smaller and more imbricate leaves, the appressed tomentum, the smaller capitula, the 
acute involucral bracts, the fewer florets and the yellow corollas. (H. variegatum has over 200 florets in the capitulum 
and the corolla is brown.) 

Other gatherings of this species are Rogers in Herb. Bolus 16533 (Pietermeintjes), Bolus 4284 (Zwartberg Pass, 

not 4800 ft.), and a specimen in Herb. Bolus from the Ceres Wild Flower Show, Oct. 1925. Typical H. variegatum occurs 
at Tweedside, 3500 ft. 

Named in compliment to the Logan family of Matjesfontein. 


*H. virgatum DC. 
2537. Witteberg (Whl.), 3500 ft., north slope. 11 Aug. 1924. 
Matches the type at Kew quoted by Harvey (viz. Mund, Boschesveld, in Herb. Hooker). 


ts. *Heterolepis decipiens Cass. 
By, 2818. Foot of Witteberg, in rock-crevices. 30 Nov. 1924. 
nd Also collected by Prof. Adamson in the same locality. Nov. 1925. 


Ifloga polycnemoides Fenzl. 
2 2866. Karoo Garden, Whitehill. 6 Aug. 1923. 
ti, 3099. 29 Sept. 1926. 
Iphiona baccharidifolia Benth. and Hook. 
3603. Whitehill Ridge, 3500 ft., north aspect. 30 Oct. 1929, 


‘ia Lasiopogon muscoides DC. 
3269. Bed of Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927. 
Growing with Gnaphalium glomeratum, which it much resembles. The capitula are rather small in my specimens, 


te containing only 3-4 perfect florets and about 16 filiform females. In the proportionate numbers of the florets these 
y- plants agree better with L. muscoides than with L. micropoides DC. 
he 
Leontonyz n. sp. 

2790. Witteberg, 5000 ft. 30 Nov. 1924. 

Near L. glomeratus DC. The capitula in my specimens had shed all their achenes, and the material is therefore 

not fit for description. Not matched at Kew nor at the Bolus Herbarium. 
Leyssera tenella DC. 
2888. Karoo Garden, Whitehill. 1 Dec. 1924. 
3258. Bed of Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927. 
* Metalasia muricata Less. 

2618. Witteberg, south slopes, 4000 ft. 16 July 1923. (The var. pungens Harv.) 

2815. Witteberg, 4000 ft. 30 Nov. 1924. (Near the var. aristata Harv. Anidentical plant grows on the Zwart- 
t berg about 4200 ft., Bolus 11541.) 
” *M. pulcherrima Less. 

2982. Witteberg, 5000 ft. 22 May 1926. 

3568. Witteberg summit, 4500 ft. 12 Oct. 1929. 
* Nestlera corymbosa Bolus. 
a 2522. Witteberg. 11 Aug. 1924. 
. 2734. Witteberg, 3800 ft. 31 Nov. 1924. 
. 2810. Foot of Witteberg, 3000 ft. 30 Nov. 1924. 
3172. 28 Nov. 1926. 


” ” 
A good match of the type, Bolus 7355, from hills near Touws River, 2800 ft., December. 
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N. prostrata Harv. 

3664, Karoo Garden, Whitehill. 25 Aug. 1930. 

Determined by Mr. J. Hutchinson of Kew, who writes: ‘* Compton 3664 is so close to Nestlera prostrata Harv. 
that I hesitate to say itis different. In that species, although the point was missed entirely by Harvey, there are two 
rows of pappus, an outer short row and an inner of two or three long bristles. These are very caducous. Yours has 
not these inner bristles, but the character may well be variable. We have Nestlera prostrata collected by Burchell in 
the Sutherland Division ; the type by Drege being from the Sneeuwbergen in Graaf Reinet. I have examined them 
carefully and they are the same, though rather far apart geographically.” 


*N. relhanioides Schltr. 

3081, Witteberg. 28 Sept. 1926. 

A good match of the type, Schlechter 8849, from the Cold Bokkeveld. 
*Relhania apiculata DC. 

2769. Top of Witteberg (Whi), 5000 ft. 10 Oct. 1925. 
*R. genistaefolia L’ Her. 

2068. Witteberg, 3500 ft. 31 Oct. 1924. 

These plants belong to the var. glutinosa Harv. 


* 
> 


. sedifolia Harv. 
3173. Top of Witteberg (Whl.), 5000 ft. 28 Oct. 1926. 
3314. Witteberg. 14 Oct. 1925. 


. sessiliflora Thbg. 
3583. Matjesfontein Karoo, 3000 ft. 12 Oet. 1929. 
Collected at Whitehill by Prof. Adamson, 13 Nov. 1925. 
*2. speciosa Harv. 
2536. Witteberg. 11 Aug. 1924. 
2645. i 31 Oct. 1924. 
3171. Witteberg (Whi.), 4000 ft. 28 Oct. 1926. 


*R. squarrosa L’ Her. 
3077. Witteberg (Wh1.), 3000-5000 ft. 28 Sept. 1926. 


Rosenia nestleroides Compton n. sp. 

Frutex humilis ramosus aromaticus. Caule rigidi divaricati, juventute laxe pilosi, leviter sulcata, ramulis 
axillaribus quasi-fasciculatis. Folia opposita, linearia, lineare-oblonga vel lineare-spathulata, long. 14-3 lin., lat. 
$-1 lin., utrinque dense tomentosa, saepe sed non semper glandulis flavis conicis in marginibus carinaque instructis, 
Capitula terminalia solitaria sessilia in caulis furcas. Involucrum long. 3-4 lin., diam. 2-3 lin., urceolatum, bracteis 
numerosis imbricatis subtriseriatis obtusis fuscis scariosis glabris. Flores radii numerosi ligulati feminei flavi fertiles, 
limbo elliptico long. 2 lin. Flores disci tubulosi flavi hermaphroditi fertiles. Receptaculum planum, saepe sed non 
semper paleis paucis longis membranaceis inter flores instructum. Achaenia in capitulo diu retenta, long. 2 lin. 
Pappus coroniformis, squamis brevibus inaequalibus angustis flavis, long. ad } lin., et aliquando sed non semper setis 
internis 1 vel rare 2 fragilibus, quam involucrum longioribus, instructis. 

2948. Karoo Garden, Whitehill. 1 Nov. 1924. 


3233. 8 Aug. 1927. 

3516. ” ” 12 Aug. 1929. 
3590. = ad 13 Oct. 1929. 
3624. 30 Oct. 1929. 


3622, 3623. Whitehill Karoo, 3000 ft. 30 Oct. 1929. 

A very puzzling plant, owing to the fact that paleae are occasionally present on the receptacle, but are apparently 
more often absent ; and also because the setae of the inner pappus ring are frequently absent. When both paleae and 
setae are present (e.g. in my 3516) the plant agrees well with the definition of a Rosenia. When both are absent it 
would naturally fall into Nestlera. Intermediate conditions would fit into neither genus. After much hesitation I 
have adopted the genus Rosenia for this plant, using the name which represents its variable characters at their most 
complete development. It is clearly distinct from R. glandulosa, judging by Lessing’s description of Thunberg's 
plant and Oliver's description and figures of Burchell’s (Hooker, Icones, 2228). It has the general aspect of a Nestlera, 
hence the specific name. 

Rosenia spinescens DC. was transferred to Nestlera Dregei by Harvey (FI. Cap., iii, 296) ; its original inclusion 
in Rosenia seems to have been an error, as the inner pappus setae were not certainly seen by De Candolle nor by anyone 
since; they are apparently absent in Tyson 232 in Herb. Bolus (mentioned by Oliver, loc. cit.). 

Nestlera oppositifolia DC. is a doubtful plant which may prove to be a form of Rosenia nestleroides, with forms 
of which De Candolle’s description agrees well. Drege records it from between Zwarteberg and Aasvogelberg, 2000 ft., 
and also from Pietermeintjes, not far from Matjesfontein. A plant collected in the Zwartberg near Cango Caves by 
Bolus 12089, and classified by him as a variety of Nestlera humilis, has long inner pappus bristles, just as in Rosenia ; 
and apart from greater luxuriance it is closely similar to my Rosenia nestleroides. The sheet is marked Nestlera 
rosenioides Hutchinson (a nomen). I have not been able to see Drege’s specimens, but I throw out the suggestion 
that Nestlera oppositifolia and Rosenia nestleroides may eventually be found synonymous. 

Mr. J. Hutchinson, to whom I referred my 3590, replies (13 Nov. 1929): ‘* Your Composite is Vestlera rosenioides 
Hutchinson Ms., a name I gave it a few years ago when I made a key to the species You will find it in the Bolus 
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Herbarium under Nestlera humilis Less. var. — Bolus 12089 from Oudtshoorn.” For reasons given above, however, I 
prefer to place the species under Rosenia. 


*Stoebe cinerea var. plumosa Less. 
2972. Top of Witteberg (Whl.), 5000 ft. 21 May 1925. 

*S. cinerea Thhg. var. 
2504. Kloof in the Witteberg, along the stream and in alluvium, 3300 ft. 16 July 1923. 
Matches Rehmann 2931 from the same locality, marked as identical with Burchell 4881. 


COMPOSITAE, SECTION HELENIEAE. 
Berkheya obovata Willd. 
2917. Karoo Garden, Whitehill. 1 Nov. 1924. 


COMPOSITAE, SECTION ANTHEMIDEAE. 

*Athanasia incisa Harv. 

2509. Kloof in Witteberg, 3200 ft. 5 Aug. 1923. 

2685. Witteberg, 3500 ft. 31 Oct. 1924. 

3071. ‘ 30 Sept. 1926. 

3088. * 28 Sept. 1926. 

3555. “ 3500 ft. 12 Oct. 1929. 

Matches Bolus 11547 (Zwartberg Pass), which was determined by C. de Candolle as identical with the /ymeno- 
lepis incisa DC. of the Prodromus herbarium. Also matches Bolus 12008 (Zwartberg, 3800 ft.) and Rogers 16578 
(Orchard Siding, 1400 ft.). 
Cenia microglossa DC. 

2938. Karoo Garden, Whitehill. 1 Nov. 1924. 


3100. 29 Sept. 1926. 
3544. 13 Oct. 1929. 


Cotula anthemoides L. 
3257. Bed of the Baviaans River, Whitehill. 8 Aug. 1927. 
C. coronopifolia L. 
3218. Moist places, Baviaans River, Whitehill, 2700 {t. 24 Jan. 1927. 


*C. macroglossa Bolus. 

2653. Witteberg, 4500 ft., in sandy ground. 31 Oct. 1924, 

A fair match of the type, Bolus 7329, from moist sands, Cold Bokkeveld, near Gydouw, 3290 ft., fl. October. 
The ray florets are very conspicuously-ligulate, white above and purple below, quite unlike other species of Cotula. 
The achenes are flattened but slightly keeled. It is possible that it should be regarded as a distinct genus. ‘The plant 
has become an abundant weed of formerly cultivated sandy ground at Tweedside and elsewhere in the Western Karoo 
(Compton 3101). 


Eriocephalus eximius DC. 
2869. Karoo Garden, Whitehill. 15 July 1923. 
The ray florets in some specimens are white, in others mauve and in others violet. 


E. qlaber Thbg. 
2870, 2871. Karoo Garden, Whitehill. 15 July 1923. 
*E. punctulatus DC. 
2681. Witteberg, 3500 ft. 31 Oct. 1924. 
3084. re 3000-5000 ft. 28 Sept. 1926. 
3236. Karoo Garden, Whitehill. & Aug. 1927. 


*Hippia pilosa Hutchinson. 
3333. Witteberg, south slope, 4000 ft. 14 Oct. 1928, 
Less hairy than usual, and with smaller leaves. 


Matricaria dichotoma Fenzl. 
3095. Karoo Garden, Whitehill. 29 Sept. 1926. 
3254. Bed of Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927. 
A small annual, only appearing in irrigated ground or in a good season. A fair match of Bolus 6540, so named 


by Mr. N. E. Brown. 


M. globifera Fenzl. 
2924. Karoo Garden, Whitehill. 1 Nov. 1924. 
3545. ms 13 Oct. 1929. 


” 
*Oedera intermedia DC. 
2728. Top of the Witteberg, 5000 ft. 31 Oct. 1924. 
A very good match of Burchell 3497 (Soutar’s Post, near Tea Fontein, Albany), the type in Herb. Kew. This 
species was sunk by Harvey in O. /atifolia, but I think it worth reviving as a distinct species. 


a 
ulis 
at. 
tis, > 
eis 
les, 
ion 
in, as 
tis 
ily 
nd 
it 
st 
x's ay 
‘a, 
= 
on 
ne 
ra 
es 
1s 


os 320 Transactions of the Royal Society of South Africa. 
‘ *Pentzia elegans DC. * 
2653. Kloof in Witteberg, along stream, 3300 ft. 16 July 1923. 
See P. virgata Less. ‘ i 
2839. Karoo Garden, Whitehill. 15 July 1923. 2 
3627. 30 Oct. 1929. 9 
Contrary to the common belief, this plant is not grazed in good seasons in preference to other edible species, c 
Floecks of sheep pass over the karoo and hardly touch it, provided other food is plentiful. In poor seasons or on over- 1 
stocked farms it is grazed as severely as the rest. 
*Phaeocephalus gnidioides 3. Moore. 
3089. Witteberg, eastern aspect, 4000 ft. 28 Sept. 1926. 
3270. Witteberg. 14 Oct. 1928. 
Previously only gathered, and that seldom, on the Zwartberg. , 
Phymaspermum Schroeteri Compton n. sp. I 
Frutex erectus alt. 2 ped., divaricate ramosus. Caules angusti rigidi teretes, appresse sericeo-pubescentes, F 
basibus foliorum persistentibus instructi. Folia alterna, erecta vel subfasciculata, arcte lineare-lancevlata, subacuta, ] 
parum base dilatata, long. 4-6 lin., lat. } lin., anpresse sericeo-pubescentes. Pedunculi terminales, long. }-} in., F 
omnino erecti. Capitula diam. } in. Involucrum hemisphericum, bracteis multiseriatis imbricatis lineare-lanceolatis 
villosis, quorum longissimis long. 1} lin., mesonervo viride, marginibus scariosis. Receptaculum convexum nudum ] 
parum papillatum. Flores radiales 8-10 expansi, feminei albi, ligulis oblongo-ellipticis obtusis bidentatis, long. 2-3 ] 
din., lat. ?-1 lin., tubis achaeniisque parum glandulo-hispidis, achaeniis complanatis non alatis, epapposis, stigmatibus ! 
linearibus obtusis. Flores disci 20-40 sessiles hermaphroditi, long. 2 lin., flavi, tubis achaeniisque glandulo-hispidis, 
antheris basi minute appendiculatis, stigmatibus truncatis, achaeniis vix complanatis, parum angulatis epapposis. ! 
3065. Ngaap Kop, south slope, 4000 ft. 27 Sept. 1926. 
Also collected in the same locality, a few days later, by Dr. C. Schroeter (Herb. Bolus 18591). 
j Named in compliment to Dr, Schroeter of Zurich, who collected the plant while on a visit to the Karoo Garden at 
i Whitehill and the surrounding district. An interesting addition to this small genus, and well distinguished by its 
silvery pubescence. 
COMPOSITAE, SECTION SENECIONIDEAE, 


*Cineraria erosa Harv. 
2821. Kloof in Witteberg, 3500 ft., in moist shady places. 30 Nov. 1924. 


C. lobata 1.’ Her. 

= : 3610. Whitehill Ridge, south aspect, in shade of rocks. 30 Oct. 1929. 

ai Apparently a variety of this species. The under side of the lamina is purple, and although the stems and leaves 

i are glabrous there are conspicuous axillary tufts of wool; both features recalling many species of Othonna. There is 

s a somewhat similar plant, but with more numerous capitula in the inflorescence, from De Doorns, collected by H. Bolus, 

in the Bolus Herbarium. | 


*C. mollis E. Mey. 
2722. Witteberg, south slope, 4000 ft. 31 Oct. 1924. 
3331. Witteberg. 14 Oct. 1928. 


Euryops imbricatus Less. 

2968. Foothills of Witteberg, 3000 ft. 19 April 1925. 

3091. Top of Ngaap Kop, 4000 ft. 27 Sept. 1926. 

Also collected by Prof. Adamson in the Matjesfontein Karoo. 

This plant looks like a form of £. lateriflorus with reduced leaves, stems and capitula, and was regarded by Harvey 
as a var. imbricatus. It appears, however, to maintain its distinetness from LF. lateriflorus, and the leaves are obtuse 
and of quite a different shape. I therefore revive it as a species (e descr.). See Thunberg, Prod., 1800, p. 167, and Fl. 
Cap., 1823, p. 719, as Othonna imbricata. Thunberg describes the leaves as ** semiunguicularis,’’ whereas in my 
specimens they average }-1/3 inch in length. 


lateriflorus Less. 
2632. Foot of the Witteberg, 3200 ft. 16 July 1923. 
2633. Witteberg (Mfn.). July or Aug. 1923. 
Also collected by Prof. Adamson at Whitehill and Matjesfontein, 1925, 


multifidus DC. 
= 2642. Foot of Witteberg, 3200 ft. 16 July 1923. 
; 2837. Karoo Garden, Whitehill. 15 July 1923. 


*E. Pearsonii Phillips. 

2517. Witteberg, 3500 ft. 11 Aug. 1924. 

2617. Foot of Witteberg, 3000 ft. 23 June 1924. 

An erect shrub of about 2 ft., with almost sessile yellow capitula. My specimens match the type (Pearson 1572, 
from Matjesfontein, June 1908, in Herb. Kew.). Specimens were collected earlier by Drege at Pietermeintjes and at 
Matjesfontein, and distributed as LE. lateriflorus var. 

Euryops Pearsonii Hutchinson is a nomen nudum. 
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*E. Rehmannii Compton n. sp. 

Frutex erectus alt. 2 ped., omnino glaber, ramis subglomeratis. Caules maturi grisei, basibus foliorum persist- 
entibus instructi. Folia erecto-patentia filiformia, long. 4-1 in., lat. $ lin., parum complanata, apiculata glabra, 
juventute resinosa. Capitula in axillis superioribus singuli supra folia modo corymboso lata. Pedunculi long. ad 
2 in., graciles erecti glabri luteo-virides. Involucrum long. 2 lin., diam. 3 lin., late urceolatum, bracteis 8-10 glabris, 
2/3 connatis, fructu discidentibus, apicibus liberis late ovato-triangularibus obtusis breviter puberulis. Receptaculum 
convexum favosum, diam. 1 lin. Flores radiales 7-8 feminei flavi conspicui, limbo oblongo-elliptico long. 4 lin., lat. 
1} lin., apice obtuso tridentato. Flores disci ec. 20 flavi, long. 24 lin. Achaenia minute papillosa. 

2534. Witteberg, north slopes, 3500 ft. 5 Aug. 1923. 

2731. » 4000 ft. 31 Oct. 1924. 

3078. 4000 ft. 26 Oct. 1926. 

3276. Foot of Witteberg, 3200 ft. 14 Oct. 1928. 

Although closely allied to £. tenuissimus Less. and EF. linifolius DC. it seems advisable to separate this as a new 
species. It is a striking plant in the field on account of the corymb-like arrangement of the capitula which are borne 
high above the leaves ; in this respect it differs from F. tenwissimus, as well as in the fewer involucral bracts, the fewer 
and larger ray florets and the absence of pubescence on the achene. The achene also differentiates /. Rehmanii from 
E. lintfolius, being finely papillose, almost puberulous; moreover, the leaves are distinctly flattened and not filiform, 
and the involucral bracts are connate to a higher level than in L. linifolius. 

Other gatherings of this species are Rogers 16754 (between Osplaats and Tunnel Siding, 2000-38000 ft.), and 
16314 ( Pietermeintjes, 3585 ft.), Pillans in Herb. Bolus 14175 (southern slopes of Tafelberg, Worcester Div., 3000 ft.), 
Burchell 1199 (western entrance to Karoo Poort, Ceres Div.), and Rehmann 2929 (Witteberg, Maggisfontein, i.e. 
Matjesfontein). 

I name this species after Rehmann, who first collected it in the Witteberg. Kehmann’s sheet in Herb. Kew, is 
marked—** = Burchell 1199.” 


Kleinia acaulis DC. 
Fairly frequent in the Whitehill Karoo, among stones and in rock-crevices, usually in full sun and northern 
aspect. WL. 360. 


*K. crassulaefolia DC. 
3072. Witteberg, 4500 ft. 28 Sept. 1926. 


K. Haworthii DC. 
Very abundant in one patch of several acres lying between the Karoo Garden and the Witteberg (Archer 265 in 
Herb. Bolus). A very striking plant on account of its pure white densely felted tomentum on leaves, stems, and 
inyolucres. 


Lasiocoma petrophiloides Bolus. 

3305. Karoo Garden, Whitehill. 15 Oct. 1928. 

An interesting extension of the range of the genus Lasiocoma, hitherto known only from Little Namaqualand, 
Graafwater, and Nieuwoudtville. I assign my plant to the single species hitherto described, though it differs from 
earlier gatherings in the less luxuriant growth and the much shorter leaf-segments ; these features being, I think, due 
to the greater aridity of the Whitehill district, though it is possible that it may later prove to be a distinct species of 
that hitherto monotypic genus. Somewhat similar variation is found in Euryops multifidus, a plant which bears a 
considerable resemblance to this. The capitulum of Lasiocoma has a remarkable assemblage of characters: the ray 
florets being female, ligulate, with long slender styles, no pappus, and large very hairy achenes ; the disc florets being 
tubular, hermaphrodite, with short truncate styles, copious curled barbellate caducous pappus (as in Euryops), but 
sterile. The presence of a pappus on sterile achenes and its absence from the fertile ones provides a nice problem for 
the adaptationist. 


*Othonna alba Compton n. sp. , 

Rhizoma tuberosa. Caules angusti erecti, alt. ad 1 ped., base lignose, parum ramosi. ‘Yolia sparsa linearia 
teretia, long. 1-2 in., lat. 1 lin., earnosa glabra, cirris lanosis axillaribus. Panicula terminalis, parum ramosa, bracteis 
paucis foliaceis. Pedunculilong. 1-2in. Involucrum campanulatum bracteis ec. 8 oblongis, reticulate nervatis, long. 
c.5lin. Flores radiales, ec. 12, ligulis expansis long. 4 lin., lat. 1 lin., albis. Achaeniae glabrae, pappo albo. 

2636. Witteberg, 4000 [t., among bushes on the north slope. 16 July 1923. 

Whitehill Karoo, 3000 ft. 12 Aug. 1929. 

Well characterised by the large white ray florets as well as by the possession of a tuberous rootstock from which 
arise woody stems. I have seen no other gathering. 


*0. auriculaefolia Licht. 

2638. Witteberg, 3300 ft., in kloof. 16 July 1923. 

2862. Karoo Garden, Whitehill. 15 July 1923. 

3226. Witteberg (Mfn.) summit, 5000 ft. 17 July 1927. 

Harvey’s supposition that the rays are red or blue is incorrect. They are greenish-yellow above and veined with 
sepia beneath, but they become blue or purplish on drying. The disc is yellow. The leaves and involucres are sub- 
succulent. 


*0O. auriculaefolia var. arctotoides Harv. 
2975. Witteberg (Whl.), 4000 ft. 
The leaves are purple below. The ray florets are yellow above and darker below. 
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O. crassicaulis Compton n. sp. 

Fruticulus carnosus omnino glaber praeter cirros axillares. Tuber subterraneum 0. Caulis brevis, diam. ad 
2 in., erectus carnosus, subdichotome furcatus, partes juniores foliorum basibus rigidis triangularibus instructi. Folia 
in apicem caulium glomerata erecta integra linearia, teretia vel parum complanata, profunde viridia succulenta obtusa, 
parum basi angustata, long. 1-2} in., diam. 1/3-Llin. Panicula terminalis 1 vel paucis capitulis in pedunculis angustis 
supra foliis 1-2in. Involucrum campanulatum, long. 4-6 lin., bracteis c. 8 quorum 3 lanceolatis caeteris latioribus alis 
membranaceis expansis. Flores radiales c. 30, vix involuerum excedentes, lat. 1/3 lin., flavi. Achaeniae radiales 
griseae pilis brevibus fragilibus arcte appressis tectae. Pappus albus, long. 6 lin. 

2879. Karoo Garden, Whitehill, 3000 ft., in rock-crevices. 15 July 1923. 

3513. Whitehill Ridge, north slope, 3000 ft. 12 Aug. 1929. 

The following specimens from other localities belong to this species: F. and L. Bolus, Nat. Bot. Gardens, 
2097/14 in Herb. Bolus (Matjesfontein); Pillans in Herb. Bolus 16615 (Prince Albert Road); Miss Duthie, Nat. Bot. 
Gardens, 2573/14 (? Knysna); Pearson 7918 (Great Karasberg, Krai Kluft, 5200 ft.), 7919 (do., Naruda Sud, sandy 
plains, 4300 ft.). Also (fide N.S. Pillans) Zeyher 947 in Herb. Kew., quoted in Fl. Cap. as O. cylindrica DC. 

A species of somewhat wide distribution which has hitherto been confused with O. cylindrica DC., but very 
distinct in its stem; the capitula also are usually larger, fewer in number and have more numerous ray florets. 

Othonna floribunda Schltr. (Engl. Jahrb., xxvii, p. 214, 1900) from Namaqualand is to me indistinguishable 
from O. cylindrica, which Schlechter seems to have overlooked, as he compares his type with O. carnosa Less. but does 
not mention O. cylindrica. 


denticulata Ait. 
2635. Witteberg slopes, 3300 ft. 5 Aug. 1923. 
2740. Witteberg, 4000 ft. 31 Oct. 1924. 


O. (Doria) lasiocarpa Sch. Bip. 
2860. Karoo Garden, Whitehill. 6 Aug. 1923. 
2861. 15 July 1923. 
3526. 12 Aug. 1929. 
Named from description, no authentic specimen having been seen. 


O. lobata Schltr. 

2612. Karoo near Matjesfontein, 3000 ft. 23 June 1924. 

A small shrub, usually growing up among the branches of other bushes, with soft subsucculent stems, fleshy lobed 
leaves, and yellow rayless capitula. Belongs to the Section Doria. Matched with the type, Schlechter 8279 ( Karee- 
bergen, 2000 ft., 23 July 1896). Fairly frequent in the Whitehill and Matjesfontein Karoo, but very inconspicuous. 
As Schlechter remarks (Engl. Jahrb., xxvii, p. 216, 1900), O. lobata closely resembles O. obtusiloba, except for the 
absence or presence respectively of ligular ray florets. 

Also collected at Matjesfontein by F. and L. Bolus (Nat. Bot. Gardens, 2096/14.) 


*0. multicaulis Harv. (?). 

2984. Witteberg (Whl.), 4500 ft. 22 May 1926. 

I name this with some hesitation, not having seen the type, Zeyher 3048 in Herb. Sonder. I associate with it 
Schlechter 10075 (Cold Bokkeveld, 5500 ft.) and Pocock S. 170 (Zwartberg Pass, 5000 ft.) sub nom. O. parviflora, but not 
Schlechter 10545 nor Bolus 8075 and 7475, which have all been referred to O. multicaulis. Zeyher’s plant was collected 
on the Great Zwartberg. The many-stemmed character is very conspicuous in the plants I group as the true 0. 
multicaulis. The capitula are not corymbose, many being laterally placed on the virgate stems. My single plant lacks 
ligulate ray florets, but I cannot say whether this is more than a solitary variation. 


*O. pinnatilobata Sch. Bip. 

2637. Witteberg, in kloof, 3300 ft. 16 July 1923. 

This plant is apparently Doria carnosa DC. If Doria be sunk in Othonna the specific name must be changed, as 
the name Othonna carnosa exists for a different plant. The above name is taken from the Index Kewensis as synony- 
mous with Doria carnosa. 


O. pteronioides Harv. 

2895. Karoo Garden, Whitehill. 10 Aug. 1924. 

A thorny shrub, 4 ft. in height. I only know a single specimen in the district, though it is a conspicuous plant 
not easily overlooked. My specimens agree excellently with Harvey’s description, but I have not seen the type 
(Drege, Cape, in Herb. Sonder). They match Shaw 1234 in Herb. Kew. from karroid localities near Worcester. 
Apparently rare and little collected. 

Harvey’s description leaves certain features doubtful, and to complete it I add that the involucral bracts are 
normally 8, and the ray achenes are glabrous. 


*0. ramulosa DC. 

2510. Witteberg, north slope, 4000 ft. 16 July 1923. 

2519. Witteberg (Whl.), 3000 ft. 11 Aug. 1924. 

The Witteberg specimens are more slender and have smaller leaves and capitula and longer peduncles than is 
the case in other gatherings, e.g. Compton 3108 (Tweedside) and Rogers in Herb. Bolus (Pietermeintjes). A plant 
collected on the Tafelberg at the head of the Hex River Valley (Pillans in Herb. Bolus 16171) more or less connects the 
twoextremes. I can find no sharp distinction between these plants, though extreme forms have a very different aspect. 
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O. retrofracta Jacq. 


n. ad 2835. Karoo Garden, Whitehill. 22 June 1924. 

Folia A small shrub with rigid interlacing divaricate branches and narrow yellow-flowered capitula. A good match 
tusa, (allowing for differences due to cultivation) of Jacquin’s plate and description (Hort. Schoenb., t. 376). F. and L. Bolus, 
ustis Nat. Bot. Gardens, 2004/14, Matjesfontein, is the same. 

S alis O. sedifolia DC. 

liales 3529. Karoo Garden, Whitehill. 12 Aug. 1929. 


*Senecio arenarius Thbg. 
2697. Witteberg, sandy places, 4500 ft. 31 Oct. 1924, 


dens, S. carroensis DC. 
Bot. 2502. Kloof in Witteberg, 3500 ft. 16 July 1923. 
andy 2503. Matjesfontein, Karoo flats, 3100 ft. 16 July 1923. 

i 2527. Kloof in Witteberg, 3000 ft. 11 Aug. 1924. 
very 2967. Witteberg, 3000 ft. 19 April 1925. 

Also collected by Prof. Adamson in a stream-bed from the Witteberg, 14 July 1925. 

lable A perennial plant closely related to S. /aevigatus Thbg., which is said to be annual. My plants are a good match 
does of the type, Drege, Kendo, 3000-4000 ft., June. 


S. corymbiferus DC. 
3514. Crest of Whitehill Ridge, 3500 ft. 12 Aug. 1929. 


S. erosus L.f. 

3547. Matjesfontein Karoo, among bushes, 3000 ft. 12 Oct. 1929. 
S. erysimoides DC. 

3495. Whitehill, in sandy hollows, 3000 ft. 12 Aug. 1929 (? a weed). 

*S. junceus Less. 
2747. Foot of Witteberg. 17 Aug. 1924. 
2959. Foot-hills of Witteberg, 3200 ft. 17 Apr. 1925. 

*S. juniperinus L.f. 
Collected by Mr. R. G. Young in Paarde Kloof, Witteberg (Mfn)., Sept. 1925 


bed The var. genuinus Harv. 

iree- *S. pinnatifidus Less. 

ous. 2772. Witteberg (Whl.), 4500 ft., in sheltered spots. 10 Jan. 1925. 
the *§. reclinatus L.f. 


2814. Witteberg, 4500 ft. 30 Nov. 1924. 

S. reclinatus deserves to be kept separate from S. paniculatus Berg., in which Harvey includes it as a variety. 
Its leaves are persistently simple, and its capitula are larger, even in specimens from dry localities, than those of S. 
paniculatus. Specimens of S. reclinatus from Natal are more luxuriant and have still larger capitula combined with 
simple leaves. 


th it 

snot S. rosmarinifolius L. 

eted 3216. Bed of the Baviaans River, in damp places, 24 Jan. 1927. 
2 O. The var. Bergianus DC., not maintained by Harvey. 

acks *S. umbellatus L. 

2796. Witteberg, 4500 ft. 30 Nov. 1924. 

S. umbellatus is described by Harvey, who himself collected it on the Cape Flats, as having purple ray florets. 
S. tenuilobus DC. he thought indistinguishable ** unless it have yellow rays."’ I cannot distinguish Drege’s 8. tenuilobus 

I oe from Harvey’s S. umbellatus. The ray florets in my 2796 are white. In any case flower colour is not a good specific 
’ 
ny- mark, and for the present all of these plants should remain under S. uwmbellatus. 

Stilpnogyne bellidioides DC. 

3256. Bed of the Baviaans River, Whitehill, 2700 ft. 8 Aug. 1927. 

Thodaya Compton nov. gen. 
— Frutices lignosi, foliis parvis integris vel parum lobatis. Capitula multiflora radiata. Flores radiales 
ype ligulati feminei fertiles. Flores disci tubulares hermaphroditi steriles. Flores omnes pappo caduco fragile barbellato. 
kar: Involucri bracteae uniseriatae, plus minusve basi connatae. Receptaculum favosum sine paleis. Styli rami florium 

radialium longi graciles, florum disci breves truncati, apice tantum penicillati. Achaenia radialia ovoidea, maturitate 

are indumento lanoso albo dense obtecta. 

Glabrous shrubs with simple or slightly lobed leaves and solitary capitula on long bractless peduncles. Flowers 
yellow. 

Thodaya is allied to Euryops, Ruckeria, and Lasiocoma. From Euryops, which it much resembles in general 
appearance, it differs in having sterile dise florets and in the copious wool of the ray achenes. From Lasiocoma it 
differs in the presence of a pappus in the ray florets and in the simple or slightly lobed leaves. From Ruckeria it differs 

n is in its shrubby habit, smaller heads and rays, and more copious indumentum on the ray achenes. 
lant Two species of this new genus are recognised, both of which were first collected at Whitehill by Professor D. 
the Thoday, formerly Harry Bolus Professor of Botany in the University of Cape Town, in whose honour I name the genus. 


ect. Prof. Thoday was inclined to regard these two plants as new species of Ruckeria, but while they agree on many 
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technical points with the flowers of some species of that genus, they show a much more obvious general resemblance 
to Euryops and Lasiocoma: the two species show a close agreement with one another, and I therefore think it best to 
separate them as a new genus. 


Thodaya microphylla Compton n. sp. 

Frutex parvus erectus. Caules angusti teretes erecti glabri. Folia alterna crassa, fere carnosa, elliptica vel 
orbiculata, obtusa glabra viridia, cauli appressa, long. 3-14 lin., lat. ? lin. Pedunculi glabri erecti angusti pallidi, 
singuli in caulibus axillaribus brevibus terminales, ebracteati, long. 14-2} lin. Capitulum semper erectum, diam. 
6-9 lin. Bracteae involucri c. 8, basi connatae, parum imbricatae, erectae vel expansae, late ovatae, obtusae virides 
glabrae. Receptaculum favosum. Flores radiales c. 8, ligulati flavi, limbo long. c. 3 lin., lat. 14 lin., feminei, fertiles, 
styli ramis filiformibus, pappi setis numerosis fragilibus barbellatis caducis, achaeniis valde crescentis ovoideis, long. 
2 lin., diam. 1} lin., pilis erectis integris lanosis albis persistentibus dense obtectis. Flores disci numerosi tubulares 
flavi, long. 2 lin., corolla fauce dilatata, antheris exappendiculatis, styli ramis brevibus truncatis, apice penicillatis, 
pappo quam florum radii, achaenia non maturescentia breviter puberula. 

2006. Karoo Garden, Whitehill. 6 Aug. 1923. 

3504. 12 Aug. 1929. 

First collected by Prof. Thoday (in Herb. Bolus 17161) at Whitehill, Oct. 1921. 

In flower this plant is likely to be mistaken for a Euryops, but the fruiting condition is very distinct. It appears 
to be rare in the district : I only know of about a dozen plants in the Karoo Garden, and a very few just outside 
and on Whitehill Ridge. 


T. elongata Compton n. sp. 
5 Frutex ad 7’, microphylla consimilis, sed caulibus brevioribus robustioribus, foliis plerumque integris linearibus, 
supra parum sulcatis, obtusis, long. 6-9 lin., lat. 1 lin., aliquando lobis 2 supra medio exstructis, pedunculis longioribus 
ad 3} in. attingentibus, capitulis parum majoribus. 
Collected by Prof. Thoday at Whitehill, Oct. 1921. (Herb. Bolus 17160.) 
This plant has only been collected once, at the same time and place as 7. microphylla. Fortunately the specimens 
are sufficient to establish the generic identity and the specific diversity of the two. 


COMPOSITAE, SECTION CALENDULEAE. 
Garuleum bipinnatum Less. 
3092. Ngaap Kop. 27 Sept. 1926. 
Also on Whitehill Ridge, ete., but not abundant. 


Oligocar pus calendulaceus Less. 
3682. Karoo Garden, Whitehill. 9 Oct. 1930. 


*Osteospermum lanosum (DC, pro. var.) Compton and Pillans n. sp. 

2506. Witteberg, in kloof, 3500 ft. 16 July 1923. 

This is the O. moniliferum var. lanosum of the Fl. Cap. On the Witteberg it grows together with typical O. 
moniliferum L., and the differences cannot be due to habitat. In habit of growth, pubescence, spinescence, and other 
respects it differs markedly from O. moniliferum, and we prefer to regard it as a distinct species and have revived 
the earliest name. The name O. spinescens used by De Candolle refers, we believe, to the same plant ; but as this name 
had previously been used by Thunberg to designate a plant with glabrous leaves, it cannot be maintained for the present 
plant. De Candolle quoted Thunberg wrongly as the authority for O. spinescens; and the Fl. Cap. rightly states 
that O. moniliferum var. lanosum Thbg. is O. spinescens DC. non Thbg. 

O. lanosum is frequent and widespread in the Western Cape and extends into the S.W. African Protectorate. 
Other gatherings include Dinter 3830 (Luderitzbucht Peninsula), Bolus 4008 (Cape Flats), Bolus (Hoetjes Bay) in 
part, Schlechter 8284 (Karee Bergen), Pillans 5190 (Holgat River), Pillans in Herb. Bolus 18109 (Hondeklip Bay). 
O. Rangei Muschler (type Range 498, Luderitzbucht) seems to be the same plant. 


*0. moniliferum L. 
2631. Foot of Witteberg, 3000 ft. 5, Aug. 1923. 


*Tripteris Bolusiti Compton n. sp. 

Rhizoma perennia robusta suberosa. Caules annui numerosi, alt. 14-2 ped., divaricate ramosi, sulcati, hispidi 
vel glabri. Folia plerumque basi caulium instructa, long. c. 1in., lat. 1 lin., supra rariora et minora, lineare-lanceolata, 
hispida vel fere glabra, paucis dentibus parvis lateralibus. Pedunculi angusti, hispidi, bracteis obsoletis. Capitula 
singula terminalia, diam. c. 8 lin. Bracteae involucrales long. 14 lin., hispidae ciliatae. Flores marginales flavi, 
long. 3-4 lin., centrales flavi long. llin. Achaenia lat. 1 lin., triangularia rugosa, alis 3 angustis membranaceis crenato- 
undulatis, transverse lineatis. 

2981. Witteberg, 4500 ft. 22 May 1926. 

Also from the Zwartberg Pass (Bolus 12051) and from Goliath’s Berg, 1200 ft. (Muir 2040) in Herb. Bolus. 
The Goliath’s Berg specimen is more hispid on leaves and stems than those from the Zwartberg and Witteberg. A 
very distinct species on account of its habit of growth, almost leafless shoots, small flowers, and characteristic achene. 


T. flecuosa Harv. 
2884. 2885. Karoo Garden, Whitehill. 15 July 1923, 
3094. Ngaap Kop, north slope, 27 Sept. 1926 
3232. Karoo Garden, Whitehill. 8 Aug. 1927. 
3523. es ‘3 12 Aug. 1929, 
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The Flora of the Whitehill District. 


hyoseroides DC. 
2886. Karoo Garden, Whitehill. 6 Aug. 1923. 
3524. 12 Aug. 1929 
Somewhat rare, but very conspicuous in a good season owing to its numerous large bright yellow capitula. 

peduncles and involucres are viscid. 

T. petiolata DC. (?). 
3237. Karoo Garden, Whitehill. & Aug. 1927. 
Determined with hesitation. 


setifera DC. 
2619. Witteberg, 4000 ft., north slope. 16 July 1923. 


2620. 4 3300 ft. 5 Aug. 1923. 
2720. = 5000 ft. 31 Oct. 1924. 


Determined from description only. The type (Drege, Zwartberg, near Klaarstroom, on stony hills and rocky 
places, 2000-3000 ft., July) is not at Kew: Harvey did not see it, and in the FL. Cap. he merely repeats De Candolle’s 
description. My plants agree well with the description, and the localities and dates are also in accord. The flowers 
are yellow and the ray florets have a dark mark at the base. 

T. glandulosa Turez., which Harvey thought very near 7’. setifera, and of which I saw the type (Zeyher 3067, 
Caledon District), appears to differ in its lankier growth and its fewer and broader involucral bracts. 7. setifera 
was also collected by Rogers at Pietermeintjes, Aug. 1915 (16368 in Herb. Bolus). 

T. sinvata DC. 
2621. Foot of Witteberg, 3000 [t. 5 Aug. 1923, 
2803. Karoo Garden, Whitehill. 6 Aug. 1923. 


15 July 1923. 
3230. 8 Aug. 1927. 
3525, 3532. ,, 12 Aug. 1929. 


COMPOSITAE, SECTION ARCTOTIDEAE, 
*Arctotheca repens Wendl. 
Collected by Mr. R. G. Young in Paarde Kloof, Witteberg (Mfn.), Sept. 1925, 
*Arctotis acaulis L. 


3085. Witteberg, 4500 ft. 28 Sept. 1926. 


*4, adpressa DC. 
2629. Kloof in the Witteberg, 3500 {t. 16 July 1923. 
2630. 3200 ft. 5 Aug. 1923. 


*4, argentea Thhg. 

2507. Witteberg, north slope, 4000 ft. 23 June 1924. 

2508. Kloof in Witteberg, 3500 ft. 16 July 1923, 

3549. Witteberg, 3500 ft. 12 Oct. 1929. 

Determined from description. There is no authentic specimen in Herb. Kew. of this or of the allied A. linearis 
Thbg. Marloth 3279 in Herb. Bolus is probably the same (Cold Bokkeveld, 1000 m., Oct. 1903). The plant is a 
spreading subligneous bush with the erect branches about 2 ft. high, and is frequent on the Witteberg. The flowers 
are yellow and are produced through a long season. 


Cryptostemma calendulacea K. Br. 
2880. Karoo Garden, Whitehill. 6 Aug. 1923, 


*Cullumia bisulea Less. 
3080. Kloof in Witteberg, 4000 ft, 28 Sept. 1926. 


*Dimorphotheca nudicaulis DC. 
2501. Witteberg, north slope, 4000 ft. 16 July 1923. 
A dwarfed form. The ray florets are white above and dark brown below. 


D. polyptera DC. 

2876. Karoo Garden, Whitehill. 15 July 1923. 

3683. 9 Oct. 1930. 

There is some confusion between J. polyptera DC. and J. pinnata Harv. My plant agrees with the description 
of the former in having small capitula and markedly bipinnatifid leaves. The ray florets are salmon coloured. 
The achenes, however, would pass for those of D. pinnata, having triangular teeth on the angles: but in general 
aspect it is very different from this plant with its large orange ray florets. 
Zeyheri Sond. 

3161. Witteberg (Whl.) summit, 5000 ft. 28 Oct. 1926. 

Liable to be confused in herbaria with some varieties of D. nudicaulis, but well distinguished by the yellow 
ray florets with dark undersides. A rather widely spread species around the Karoo, whereas J). nudicaudis is mainly 
south-western. Another yelluw-flowered but distinct plant closely related to D. nudicaulis occurs on the mountains 
near Caledon. 
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*Gazania oxyloba DC. 
3311. Witteberg, sandy ground, 1000 ft. 14 Oct. 1928. 


G, varians DC. 
2867. Karoo Garden, Whitehill. 6 Aug. 1923. 
2868. 15 July 1923. 
Hirpicium echinulatum Cass. 

2830. Karoo Garden, Whitehill, in rock-crevices. 6 Aug. 1923. 

2934. Karoo Garden, Whitehill, 1oy. 1924. 

3527. 12 Aug. 1929. 

Also collected at Whitehill by Prof. Adamson, 13 Novy. 1925. 

Ursinia annua Less. 
2877. Karoo Garden, Whitehill, 15 July 1923. 
3096. 29 Sept. 1926. 
anthemoides Br. 
* 3548. Foot of Witteberg, 3000 ft. 12 Oct. 1929. 
argentea Compton n. sp. 

Fruticulus humilis, caulibus juvenibus foliisque tomento argenteo arcte appresso tectis. Folia alterna mollia, 
long. }-Lin., semel profunde pinnatifida, segmentis 8, 5 vel 7 linearibus acutis, mediis longissimis. Pedunculi perlongi. 
ad 8 in., graciles, straminei, plerumque sine bracteis, fere glabri praeter apicem minute puberulum. Capitula singula, 
diam. c. dlin. Involucrum hemisphericum puberulum, solum bracteis internis scariose marginatis. Flores radii flavi 
concolores, vix involucrum excedentes. Achaenia pilis longis, et pappo ex 5 squamis extructis. 

2770. Witteberg (Wh1.), 4500 ft., in sheltered spots. 10 Jan. 1925. 

Belongs to the Section Sphenogyne and is related to U. sericea (Less.) N. E. Br., from which it differs in being 
much smaller in all parts, the almost glabrous peduncles, and the clothing of young stems and leaves which is not 
woolly but consists of closely appressed scale-like silvery hairs. 

*U. concolor N. Br. 

2786. Witteberg, 3500-5000 ft. 30 Nov. 1924. 

Determined from description. A good match of Schlechter 9989 (Gydouw, 3500 ft., 17 Jan, 1897) in Herb. Kew, 
and Herb. Bolus. The leaves in these specimens have a few hairs, whereas Harvey states that the leaves of U. concolor 
are glabrous. 

U. pilifera Poir. 
2878. Karoo Garden, Whitehill. 15 July 1923. 
3093. Top of Ngaap Kop, 4000 [t. 27 Sept. 1926. 
Venidium sp. indet. 

3629. Karoo near Matjesfontein, 3000 ft. 14 Oct. 1920. 

Also seen near Karoo Poort, Laingsburg, and Koup. A very showy plant which only appears in good seasons, but 
then in local profusion, making a brilliant display of colour. 
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THE THYROID GLAND IN XENOPUS LAEVIS. 
By G. E. G. Rimer. . 


(With eleven Text-figures.) 


The identification of the thyroid gland in Xenopus is somewhat difficult 
to determine by reference to its position in Rana, owing to differences in the 
musculature and vascular supply of the sternohyoid region. To locate it, 
therefore, with precision it will be necessary to give an account of the 
muscular anatomy of the surrounding parts. 

It will be found convenient to describe the structures encountered in 
exposing the gland in the order in which they emerge in the course of 
dissection. 

After deflecting the skin of the belly forwards to the nead, the muscles 
in text-fig. 2 were exposed. These are the submaxillaris (1) and its hyoid 
origin (Al), the four pectoralis muscles, and a portion of the longitudinal 
fibres of the rectus abdominis muscle. Muscle Al receives the title of sub- 
hyoideus from Grobbelaar (1923), while muscle 1-+-A1 isstyled the mylohyoid 
by C. von Bonde. Ecker, Wiedersheim, and other writers in general refer to 
muscle 1+ Al as the muscle submaxillaris. It is undesirable to adopt the 
same title for this muscle as for the muscle which forms the floor of the 
mouth in man, and which goes by the name of mylohyoideus. 

The submaxillaris has two sources of origin: (1) from the whole inner 
surface of the upper border of the lower jaw (except for a short distance 
near the angle), and (2) by a small portion from the anterior cornu of the 
hyoid cartilage. The two portions of the muscle unite to form a thin 
layer, the fibres of which run transversely and meet in a band of connective 
tissue along the mid-line. Slightly in front of its posterior border the muscle 
is attached along its whole breadth to the skin of the throat by a delicate 
layer of connective tissue. A fascia attached to the posterior border of the 
muscle passes downwards to the deeper muscles and is connected to them. 

In text-fig. 3 the submaxillaris muscle has been cut through along the 
mid-line from the anterior boundary of the head to the anterior boundary 
of the sternum (or pectoral girdle) and each half deflected. The sternum 
has likewise been cut through and one-half deflected. The muscles so 
exposed are the geniohyoid and sternohyoid. There is in addition a small 
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stout muscle underlying the submaxillaris and labelled muscle “ Y ” in 


Blood-vessel 


Vesicle 


xillaris 1 


M. submaxillaris Al 
Pectoralis 1 
Pectoralis 2 


Pectoralis 3 
Pectoralis 4 


Rectus muscle 


Fic. 2.—Level A. 


The geniohyoid is a paired muscle arising from the lower jaw on either 
side of the mid-line. In Rana the places of origin of this muscle are covered 
by the submentalis muscle, of which no trace could be discovered in Xenopus. 
(The submentalis muscle is described as being present in Xenopus by 
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The Thyroid Gland in Xenopus laevis. 


Muscle Y 
Geniohyoid 1 


Geniohyoid 1A” 


Sternohyoid 


\Geniohyoid 1B 


ail Oblique fibres of sternohyoid 
Thin top layer of sternohyoid 


Longitudinal fibres of 
sternohyoid 


Fic. 3.—Level B. Submaxillaris cut through and deflected. Sternum cut through 


and one-half deflected. 


Geniohyoid deflected 


Sternohyoid 


Oblique fibres of 
sternohyoid 


End attached to 
epicoracoid cartilage 


Top layer of sternohyoid 
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sternohyoid passing into 
rectus abdominis muscle 
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Grobbelaar, but not indicated as being present by von Bonde.) The 
geniohyoid muscle is a long flat muscle divided posteriorly into two portions. 
The median portion runs down over the place of origin of the sternohyoideus 
muscle, and then keeping on the inner margin of the sternohyoideus passes 


Petrohyoid 


Fic. 5.—Level D. 


Geniohyoid 1A 
Geniohyoid 24 


Geniohyoid 3A 


Fic. 6.—Level E. Gehiohyoid muscle and its attachments to hyoid plate and 
lower jaw. 


down the surface of the hyoid plate, and is inserted just above where the 
lungs enter the cavity of the hyoid plate. In Rana the median portion of 
the geniohyoid is inserted into the inner border of the posterior cornu of 
the hyoid plate, a position considerably anterior to the situation of the 
glottis (text-fig. 8). In Xenopus the insertion of the median portion of 
the geniohyoid is posterior to the position of the glottis (text-fig. 6). 

The lateral portion of the geniohyoid runs to the outer margin of the 
sternohyoid and passing beneath it is inserted on the rounded latero- 
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posterior portion of the hyoid plate, there being no secondary posterior 


cornu present in Xenopus as there is in Rana, and in which, in the latter, 
the muscle is inserted. 


Position of 
glottis 
Glottis | 


Dorsal aspect. Ventral aspect. 


Fic. 7.—Level F. 
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Fie. 8.—Rana—Hyoid plate and musculature of same. 


The sternohyoideus muscle is the cervical portion of the rectus abdominis 
muscle. It is divided up into three main portions: the uppermost consists 
of a thin layer of muscle fibres passing forward from the rectus abdominis 
muscle over the upper surface of the metasternum to the upper surfaces of 
the coracoid and epicoracoid. The lower layer is divided into two portions: 
the median one running forward to be inserted into the anterior margin of 
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the hyoid plate near the mid-line, and the lateral portion, consisting of 
oblique fibres, is attached at its point of origin from the rectus abdominis 
muscle to the under surface of the epicoracoid cartilage. The oblique fibres 
are inserted along the sides of the hyoid plate for some distance. 

In Rana there is a prominent hyoglossus muscle running up the mid-line 
of the hyoid plate between the sternohyoid muscles. In Xenopus this 
muscle is absent. 

When the sternohyoid is removed and the insertions of the geniohyoid 
muscle exposed, a transverse muscle is noticed (text-fig. 5) lying on top of 


Petrohyoid 


Geniohyoid Sternohyoid 


Sternohyoid 


Sternohyoid 


Position of 
glottis 


Thyroid gland 


Fic. 9.—Position of thyroid gland. 


the geniohyoid near the posterior margin of the hyoid plate. This muscle 
may be traced back to its point of origin on the lateral extremity of the 
pro-otic bone, and it is inserted into the posterior part of the hyoid plate 
in the median line, below the position of the glottis. It would seem that 
this muscle corresponds to the posterior petrohyoideus muscle of Rana, but 
in the latter it is inserted into the outer part of the ventral surface of 
the hyoid plate far above the position of the glottis. The three anterior 
petrohyoideus muscles found in Rana are absent in Xenopus. There 
appears to be in Xenopus no muscle corresponding to the omohyoideus 
muscle of Rana. 

The foregoing résumé includes all the muscles of special significance to 
be encountered in the region of the thyroid glands. Once the muscles are 
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recognised it is a fairly simple matter to uncover the gland. It is best to 
work as far as text-fig. 3, in the manner noted in the foregoing account. 
. Once this stage has been reached the branches of the geniohyoid may be 
pulled gently up towards their point of origin, snipped through, and 
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Fic. 10.—Arterial supply to thyroid. 


deflected. Then by carefully turning aside the oblique fibres of the 
sternohyoid, the thyroid glands will be found lying on the longitudinal 
fibres, which run below the oblique fibres. The glands lie one on either 
side of the mid-line of the hyoid plate, very slightly below the level of the 
glottis. They are ovoid in shape and similar in size to those of Rana. 
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VASCULAR SUPPLY. 


Three arteries are given off from the region of the carotid gland—the 
outermost is the carotid artery ; the median, the lingual ; and from the inner 
side of the carotid gland the hyothyroid artery runs forward. In the 


Internal jugular 
Thyroid 


Thyroid vein 


Median jugular 


External jugular 


Subscapular 


Brachial 


Cutaneous 


Sinus venosus 
Muscular 


Lung 


Fic. 11.—Venous system of thyroid. 


region of the thyroid gland it sends off an artery to the gland, which enters 
it on the outer lateral surface, and half-way along the length of the gland. 
The hyothyroid having given off this artery continues forward unbranched 
for some distance. 

The vein coming from the thyroid leaves the gland at its posterior 
extremity, and a short distance below the gland joins a small transverse 
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vein, which passes back until it unites with a vein running near the mid-line 
of the hyoid plate. These two unite to give rise to the external jugular 
(as in text-fig. 11), which then passes back, receiving only one more vein 
before it passes into the precaval vein. 

The diagram (text-fig. 11) represents a standard condition of the veins, 
but most of the animals dissected proved to have a greater or lesser de- 
velopment of one or the other, so that the symmetry of the external jugular 
veins often proved difficult to see clearly. Apart from the variability of 
equal development of the two sides, which may at first seem confusing, it 
is always possible to identify the thyroid gland of Xenopus by reference to 
its vein and artery, a proceeding which might otherwise be tedious, since 
nodules of fatty tissue are common in Xenopus in the region of the thyroid 
and might easily be mistaken for it. 

The histology of the gland is so uniform throughout the vertebrate 
series that it calls for no detailed description here. There is one noteworthy 
feature, however, in the thyroid of Xenopus—that is, the extremely large 
size of the vesicles containing colloid material and the absence of any small 
vesicles. A foam-like appearance is usually seen round the margin of the 
vesicles. Physiologically such a foam-like appearance is usually associated 
with a great activity of the gland. As the toads used were of all sizes and 
ages, the intense activity of the gland cannot be accounted for by taking 
the stage of growth into consideration. 
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THE PITUITARY GLAND OF XENOPUS LAEVIS. 
By G. E. G. Rimer. 
(With fourteen Text-figures.) 


Xenopus laevis has provided during the last ten years the basis of a 
growing body of physiological inquiries initiated by Jolly’s researches on 
reflex action. Its viability in the laboratory and amenability to operative 
procedure in particular make it a peculiarly suitable object for investiga- 
tion. It is regrettable, therefore, that existing literature on the anatomy of 
Xenopus has been directed to elucidating those characteristics which are of 
especial interest to the Systematists and Morphologists rather than detailed 
information of a type which is essential to operative procedure. There is in 
particular no extant account of the endocrine system of Xenopus, although 
it is evident from superficial inspection that the suprarenal complex differs 
from that of the more familiar Anura. The present inquiry concerns the 


pituitary complex. The data have been placed on record specifically with 
a view to facilitating. the localisation and constitution of this organ in 
physiological operations. 


THE Pirvuirary GLAND. 


De Beer in the preface of his monograph on the pituitary body holds 
that the pituitary being a complex organ any attempt to deal with it 
experimentally, either by preparing extracts or by excision, must be pre- 
ceded by a knowledge of the morphology of the gland. He adds that 
** since the glands of the different classes of vertebrates are dissimilar in 
form and to a certain extent in function also, its comparative anatomy 
might be expected to throw light on its comparative physiology.” This 
view has been borne out in recent work on the pituitary of Xenopus laevis, 
the South African Clawed Toad. Hogben and Slome, in the course of 
some experiments on the effects of excision and injection of extracts of 
the pituitary, encountered discrepancies between Rana and Xenopus. The 
operative methods were the same in both cases, as was the technique of 
making up the extracts and the process of injection. In these circumstances, 
it was suggested by Hogben that a thorough investigation of the morphology 
and the histology of the organ in Xenopus should be undertaken. 
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MorpPHOLOGY. 


In Xenopus the condition of the pituitary gland is not identical with 
that which has been described in frogs and toads. 

The pars anterior is conspicuous and well developed. It is pinkish 
white in colour and roughly ovoid in contour (text-fig. 1, Macroscopic 
drawing of the pituitary 7 sifu), as in the frog or toad. There is, however, 
a quite evident macroscopic difference between the anterior lobe of Xenopus 
and that of other Anura which have been described up to date. The 
anterior lobe of the frog can be easily detached from the rest of the complex 
by a fine jet of fluid or very gentle lateral pressure with a needle in operative 
manipulations. When the attempt is made to detach the anterior lobe 
alone in Xenopus, it is found that it obstinately clings to the stalk by a 
tapering process of the anterior margin, and this process is different in hue 
and texture from the remainder of the anterior lobe. This process is a 
greyish trilobed structure (see text-fig. 1), the out-curving parts of which 
are let into complementary grooves on the ventral and posterior portion of 
the tuber cinereum. It will be seen at a later stage, when the significance of 
the pars tuberalis will be taken into consideration, that this portion of the 
anterior process of the anterior lobe is histologically different from the 
remainder, and its topographical relations with the tuber cinereum as well 
as its characteristic histological peculiarities are brought into prominence 
in sections which are cut in the plane tangential to the ventral surface of the 
gland. (See the accompanying diagrams of the tangential series of sections.) 

Behind the pars anterior and towards its anterior end the pars inter- 
media and pars nervosa together form a compact dumbell-shaped posterior 
lobe with the constriction in the median plane. The lateral margin of the 
posterior lobe extends considerably beyond that of the anterior lobe. In 
shape the posterior lobe of Xenopus is exactly like that of other Anura. 
On this account it appears to be much smaller than the anterior lobe in 
median longitudinal sections, and much larger than the anterior lobe in 
transverse sections. One noteworthy difference which is not insignificant 
in operative technique distinguishes it from that of Rana or Bufo—the 
cleft between the posterior and anterior lobes is much less sharply defined, 
so that the separation into constituent lobes offers some difficulty. Macro- 
scopically it was not found possible to identify anything corresponding 
to the two plaques of tissue lying on either side of the tuber cinereum in 
Anura. 


HisToLoey. 


The pituitary glands of Xenopus which were sectioned were fixed in 
Bouin, Carnoy, or acetic aleohol. The latter proved the most satisfactory 
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fixative of the three. It was found that fifteen minutes’ fixation in acetic 
alcohol was sufficient, and that the best results were obtained if the whole 
process of fixation, dehydration, clearing, embedding, etc., was done in one 
day. The stains used for most of the sections were alkaline methylene 
blue and Orange G. Three minutes suffice in a saturated solution of alkaline 
methylene blue. The sections are then washed in running water and care- 
fully differentiated under the microscope with Orange G. 

The major portion of the pars anterior of Xenopus is made up of oxy- 
phil cells, arranged to a large extent around blood-vessels and sinuses. 
Basophil cells are also present but are much less numerous. They are 
found, as is the usual condition, intercalated among the oxyphil cells. The 
nuclei of the two types of cells do not differ very markedly, and the size and 
contour of the cells is very similar. The cells of the pars intermedia are 
principally deeply staining basophil in type, with a few oxyphil cells 
scattered among them. The pars nervosa shows cells of the usual 
neuroglia and glia type. The area appears to be almost non-vascular. 

In none of the points which have been mentioned does the histological 
structure of the gland differ from that of Rana and Bufo. The most note- 
worthy feature in the histology of the gland, and one which can be readily 
seen in a complete series of median longitudinal, transverse, and tangential 
sections, is the definite histological differentiation of the process continued 
forward on to the stalk from the anterior margin of the anterior lobe. The 
histological differentiation of this region can be quite clearly discerned in 
the accompanying photomicrographs, one of which is a median longitudinal 
section through the gland, the other being a tangential section through 
the region over the grooved distal extremity of the tuber cinereum. 

It has been mentioned that this region seems to be peculiar to Xenopus, 
and that in Xenopus it was not possible to identify by macroscopic examina- 
tion anything corresponding precisely to the paired plaques of glandular 
tissue which are identified as the pars tuberalis of Rana and Bufo. On the 
other hand, it has been shown by Atwell that the latter are absent in Urodela, 
and further that in Urodeles the anterior lobe is continued forward over 
the tuber cinereum as a pair of processes composed of basophil cells which 
are not separated from the pars anterior sensu stricto. This continuation 
of the anterior lobe over the tuber cinereum in Urodeles has been identified 
as the pars tuberalis by Atwell and de Beer. A study of transverse sections 
failed to reveal the characteristic tuberalis elements of other Anura in the 
gland of Xenopus. Several complete sets of series of transverse sections 
were studied. On the other hand, it reinforced the suspicion that the con- 
dition of the pars tuberalis in Xenopus is essentially analogous to that which 
exists in the salamanders. The process by which the anterior lobe extends 
into the grooved distal extremity of the tuber cinereum is composed of 
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deeply staining basophil cells exclusively. It is richly supplied with blood- 
vessels and contains no oxyphil cells. It has a lobulated structure, which 
can be distinctly seen in the photomicrograph in the longitudinal sections of 
Xenopus. The deeply staining basophil cells are arranged around vesicles 
of appreciable dimensions ; the colonies of basophil cells are surrounded by 
connective tissue through which blood-vessels run. 


Pars tuberalis 


Pars nervosa 


Pars intermedia 


Fic. 1.—Macroscopic diagram of pituitary in situ. 


It thus seems justifiable to conclude that this portion represents the 
pars tuberalis, and that the pituitary gland of Xenopus laevis, while in 
its superficial anatomy closely similar to that of other Anura, essentially 
conforms to that of the salamandrine type in the incomplete separation of 
the pars tuberalis from the pars anterior. If this conclusion is justified, its 
importance in operative procedure, and in the analysis of the physiological 
activity of the component lobes of the pituitary gland, is of some significance. 
The extirpation of the pituitary gland in other Anura involves the removal 
of the pars intermedia, pars nervosa, and pars anterior alone, hitherto carried 
out on adult animals. In Xenopus laevis the operation of hypophysectomy 
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Fic, 2.—Longitudinal reconstruction of fig. 1. 


Fic. 3.—Diagram showing levels at which A, B, and C were cut. 
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would appear to involve in addition the removal of the pars tuberalis, 
since this is still part of the anterior lobe, according to the view 
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Fic. 4.—Transverse section through Level A. 
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intermedia 


Pars 
nervosa 
anterior 
Fic. 6,—Transverse section through Level C. 


stated above. It might, however, be expected that any discrepancies in 
the post-operative consequences of hypophysectomy in Xenopus, Rana, 
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Fic. 7.—Tangential section. 


Fic. 8.—Tangential section reconstructed from fig. 7. 
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Cavity of tuber 
cinereum 


Tuber _cinereum 


Pars nervosa 


Pars intermedia —— 


Pars anterior 


Longitudinal median sections. 


or Bufo would throw light on the fundamental significance of the pars 
tuberalis. 

The characteristic features of the pituitary gland in Xenopus laevis are 
shown in the accompanying figures, the major portion of which are draw- 
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The Pituitary Gland of Xenopus laevis. 
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Fia. 11.—Transverse series. 10 


ings of lantern projections from the slides. Text-fig. 1 is a macroscopic 
diagram drawn to scale and representing the pituitary gland of Xenopus 
laevis in situ. O.C. represents the optic chiasms; T.C. the tuber cinereum, 
and P.A. the pars anterior. Fig. 2 is a diagrammatic longitudinal 
reconstruction of fig. 1. 
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Text-fig. 3 indicates the levels at which sections A, B, and C were cut 
(A, B, and C being represented by text-figs. 4, 5, and 6). 

Fig. 7 is drawn from a tangential section, while fig. 8 represents a recon- 
struction of fig. 7. 


Cavity of tuber 
cinereum 


Pars tuberalis 
Pars anterior 


Pars tuberalis 


Pars 
hervosa 


Pars 
intermedia 


Fic. 12.—Tangential series. 


Text-figs. 9 and 10 are drawn from a complete longitudinal series of 
sections which were fixed in Carnoy and stained with alkaline methylene 
blue and Orange G. The photomicrograph of No. 9 is found in text-fig. 13. 
Figs. 11 and 12 are drawn from complete series of transverse and tangential 
sections respectively, and are self-explanatory, section 1 being the most ven- 
tral in position and gradually proceeding backwards until in section 6 the 
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maximal] dimensions of the pars anterior are attained. No. 9 is the last 
section containing any trace of the pituitary gland. 

In the transverse series the order is from the posterior to the anterior, 
section 10 representing the most anterior section. In this section the region 
of the pars anterior, pars intermedia, pars nervosa, and pars tuberalis has 
already been passed through and only the tuber cinereum remains. 

The difference between the staining power of the cells of the pars tuber- 
alis and pars anterior is sharply brought out in the accompanying photo- 
micrograph of tangential section No. 2, while in text-fig. 13 the lobulate 
nature of the pars tuberalis is represented. 


Pars tuberalis 


Pars anterior 


Fie. 13. 


In considering the essential nature of the basophil and oxyphil cells 
mention must be made of the “‘ functional difference theory ” discussed in 
de Beer’s monograph on the pituitary body. The theory maintains that 
the basophil and eosinophil (oxyphil) appearance of the cells found in 
the pars anterior and pars intermedia is not due to the cells being of two 
different types and structure, but is to be accounted for on the ground that 
one type of cell exists in two functional stages. It is held that the oxyphil 
cells are responsible for the active secretions of the pars anterior, and 
further that after the oxyphil cells have poured out their secretions they 
become basophil, a stage which is interpreted as a “ rejuvenation phase,”’ 
during which the cell elaborates more secretion and returns to the oxyphil 
condition ; in which case, of course, intermediate stages ought to be demon- 
strable in almost every vertebrate. In actual fact they have only been 
found in the pars anterior of the rabbit. Here an otherwise basophil cell 
has a red border, which may be quite pronounced. This border is known 
as the eosinophil ring of Stewart (1922). In the ox and cat, which have 
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been examined in great detail for such phenomena, no transitional stages 
are found, and if such a transition does take place it must be extremely 
rapid. Further, against the functional difference theory, a condition 
existing in the pars anterior of the ox is cited. There is in the pars anterior 
of this animal an area entirely composed of basophil cells, oxyphils being 
absent. Although it is not essential to assume that every basophil cell 
inevitably gives rise to an oxyphil, yet if an alternative view of the essen- 
tial nature of the basophil and oxyphil cells is considered, the difficulties 
elaborated above tend to disappear. Firstly, the basophil cells are held 


Pars 
tuberalis 


Pars 
anterior 


to be the original or parent cells, a not unjustifiable assumption since they 
arise first in the history of the pituitary gland. In Cyclostomes and 
Selachians the pars anterior consists almost entirely of basophil cells, and 
oxyphil cells occur only on the surface bordering the blood-vessels. 

In Selachians no oxyphil cells are found scattered throughout the general 
expanse of the pars anterior. As the vertebrate series is ascended and 
the folds of the pars anterior with the blood-vessels lying on their surface 
sink inwards, oxyphil cells become scattered throughout the region, 
although invariably arranged around a blood-vessel or sinus. In the baso- 
phil cell can be seen numerous deeply stained granules. When the baso- 
phil cell comes to lie near a blood-vessel or richly oxygenated area it is easy 
to conceive that the chemical compounds forming these granules are 
oxidised and render the cell incapable of taking on a basic stain. They 
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present then the typical appearance of oxyphil cells. The products of 
these cells are taken up by the blood corpuscles and carried away. The 
oxyphil cells immediately bordering the vessel then “‘ die,’ making room 
for fresh recruits from the basophils lying behind. 

It is perhaps worthy of note that during oestrus in animals basophil 
cells become more abundant in the pars anterior and pars tuberalis. 

The fact that the pars tuberalis is highly vascular and that it contains 
only basophil cells might at first sight seem to present an insuperable 
obstacle to the argument, but it is first necessary to consider the nature of 
the Golgi apparatus of these cells and their peculiar arrangement. It is 
held (Reiss, 1922) that the Golgi apparatus is always found on the side of 
the nucleus which corresponds with the pole of discharge of a secreting 
cell. In the basophil cell the Golgi apparatus is said to be on the side 
directed towards the blood-vessels, but according to de Beer (Dev. of Pit. 
Body, page 18) the Golgi apparatus appears to differ according to the 
position of the cell. Those cells which are situated round a small vesicle 
with little or no connective-tissue lining have small, separate, dot-like 
elements at the edge of the cell where it borders on the vesicle. The other 
cells have compact dense masses close to the nucleus. Around the aggre- 
gations of basophil cells lies the connective tissue through which the 
blood-vessels run. The spaces separating one colony of basophil cells from 
another are in some instances very pronounced—this is more often the case 
in the region of a blood-vessel. So that even although the pars tuberalis 
is highly vascular and the cells are basophil in type, the cells are in reality 
protected from direct contact with blood-vessels by an adequate amount of 
connective tissue. It has been stated (Reiss, 1922) that the Golgi apparatus 
of basophil cells was on the side directed towards blood-vessels, and in 
oxyphil cells it was on the opposite side. That this is not a feature of 
essential difference between the cells seems to be indicated by the fact that 
both conditions exist in the basophil cells of the pars tuberalis. 

In 1922 Hogben and Winton found that removal of the whole pituitary, 
i.e. pars anterior, pars intermedia, and pars nervosa, in Rana produces 
permanent maximal pallor. This has since been shown to be true of 
Xenopus by Slome and Hogben. Hogben and Winton did not find that 
removal of the anterior lobe alone had any effect on the chromatic function 
of Rana. More recently Slome and Hogben have proved that two endo- 
crine factors located in different parts of the pituitary gland are involved 
in the pigmentary effector activity of Xenopus laevis. They have also 
shown that removal of the anterior lobe produces permanent darkening. 
But previous work by Hogben and Winton could not substantiate the 
latter conclusion in Rana. If it is correct to conclude that the pituitary of 
Xenopus is of the salamandrine type, the difference between the behaviour 
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of Rana and Xenopus is easily explicable on the assumption that the “ W ” 
or second melanophore principle of Slome and Hogben is located in the 
pars tuberalis. 


BIBLIOGRAPHY. 


ATWELL, W. J., ‘‘ The Relation of the Chorda Dorsalis to the Entodermal Constituent 
of Hypophysis,” Ant. Rec., x, 1916. 

ATWELL, W. J., ‘‘ The Development of the Hypophysis Cerebri in the Rabbit,’’ Amer. 
Journ. Anat., xxiv, 1918. : 

ATWELL, W. J., ‘“‘ Development of Hypophysis in the Anura,” Anat. Rec., xv, 1919. 

ATWELL, W. J., “ Development of Human Hypophysis,” Proc. Amer. Assoc. Anat., 
Anat. Rec., xviii, 1920. 

ATWELL, W. J., and C, J. Marinus, * Activity of Extracts of Pars Tuberalis of Ox,” 
Amer. Journ. Phys., xlvii, 1918. 

ATWELL, W. J., and I. Sitler, “‘ Early Appearance of Pars Tuberalis in Chick,” Anat. 
Rec., xv, 1919. 

BaumGaRTEN, F. A., ** Development of Hypophysis in Reptiles,” Journ. Morph., xxvii, 
1918. 

DE Beer, G. R., ‘Some Observations on the Hypophysis of Petromyzon and Amia,” 
Quart. Journ. Micr. Sci., xvii, 1923. 

DE BEER, G. R., “* Evolution of Pituitary,” Brit. Journ. Exp. Biol., i, 1924. 

Herrina, P. T., “ The Pituitary in Vertebrates,” Quart. Journ. Exp. Phys., vi, 1913. 

Herrine, P. T., “ Origin of Active Material of Posterior Lobe of Pituitary,” Quart. 
Journ. Exp. Phys., viii, 1914. 

Herrina, P. T., “ Activity of Pars Intermedia and Pars Nervosa of Ox Pituitary,” 
Quart. Journ. Exp. Phys., viii, 1914. 

Hocsen, L. T., “A Method of Hypophysectomy in Adult Frogs and Toads,” Quart. 
Journ. Exp. Phys., xiii, 1923. 

StomE and Hoasey, S. Afr. Journ. of Sci., 1928. 

Stome and Hoasen, Time Factor in Chromatic Response of Xenopus laevis,’ Proc. 
Roy. Soc. S. Afr., No. 17, pt. 2, 1929. 

Smits, P. E., ‘‘ Development of Hypophysis in Amia calva,” Anat. Rec., viii, 1914. 

Smitu, P. E., “‘ Disturbance induced by early Ablation of Pars Baccalis of the Hypo- 
physis,”” Amer. Anat. Memoirs, xi, 1920. 

SmitH, P. E. and I. P. Smirn, “ Topographical Separation in Bovine Anat. Pit.,” 
Proc. Amer. Assoc. Anat., Anat. Rec., xxv, p. 150, 1923. 


pis 
im. 
4 
Wee 
AS 
i 
~ 


NOTE ON EQUALITIES CONNECTING TWO SUMS 
OF SQUARES. 


By Sir Tuomas Murr, F.R.S. 


1. Although the matter here dealt with may be of some little interest 
in connection with the Theory of Numbers, its origin was purely deter- 
minantal, and it is entirely in this light that it is here viewed. 

2. The sum of three squares 


| | | teyq | |? | | |? 


| | | 2% | | 223 | | | | | | | 


having turned up unsought, it was, with a view to simplification, changed 
into 


Ly | | | | |? | | |? 


and this after squaring into 
| |? + | |? + |? + |? 


Then 2z,?| <gy24 |* being removed from the first line here for absorption 
in the second, the latter becomes 


+20, | | - {1 | — | + | — 
where the cofactor of 2z,| x,y,z, | vanishes, being 


Ly 
Ty 


4 Yo Ys Ya 
% % 


We are thus left with a sum of four squares 


as the outcome from the sum of three with which we started. 
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3. The possibility of generalisation at once suggests itself, and looking 
back on the procedure we cannot but single out the important part played 
in it by the vanishing determinant | 2,rgy,z,|. As a consequence our 
3-line determinants are seen to be viewable as the cofactors of uy, Ug, Ug, Uy 
in the determinant 

% % 
Ye Ys Yo 
% % 


and our result as being expressible in the form 


(z,U,+2,U,)? + + (2,U,+2,U,)? 
= +(23U 3)? 


4. Passing on then to the determinant of next higher order 


4 Yo Ys Ya Ys 
Uy Ug Us Uy Us 
Ye Uy U5 


we have the sum of four squares, namely, 


(2, V1 + . + (2%, 
+ (25 V5)? 
+22, 
= Vg)? + 
=the sum of six squares ; 


and we see ahead a general result expressing a swm of m squares as a sum of 
2m—2 squares, of which m—2 are alike. 

5. If, instead of quantities like z,V,+7,V, that are sums, we take the 
corresponding differences as the bases of our squares, a companion result 
is readily obtained. Thus, the sum of four squares 


. . . +(x, V,—z5V;5)? 
. . +(z5V;5)?, 
=a sum of ten squares ; 


and, generally, a sum of m squares equivalent to a sum of 2m-+-2 squares. 

6. Here we might leave the matter, were it not that the main result 
thus reached throws an unexpected light on one of Binet’s identities of 
1812. 
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Note on Equalities connecting Two Sums of Squares. 


The identity in question concerns a 3-row array of variables 


Ye --++ Yn 


> x:* = D> Dy 
where the X’s constitute the first row of a 3-row array derived from the 
array 


and is of the type 


1, 1% 231; | Yn-1 2n | » 

| | 2 |, | Yn |; 
as the latter is derived from the given array. For example, if n be 4,—that 
is to say, if we start with a 3-by-4 array, we first derive a 3-by-6 array, 
and then similarly from this a 3-by-15 array: so that Binet’s identity 
expresses the sum of fifteen squares as the product of two sums of four 
squares and therefore as a sum of sixteen squares. Now the said sum of 
fifteen squares being arrangeable in the form 


| |® + | + | |? \ 
|? + | |? + | 


+25 |” + | |? + | 


{ | |? + | |? + | 


we observe that the three thus segregated on the right are exactly our 
three of § 2, for which therefore there can be substituted the four 


giving us instead sixteen, and that when the said four are duly put in the 
vacant places on the left, the expression resulting is seen to be presentable 
in the form of the product 


(| |? + | |? + | + | 


We thus learn that Binet’s identity is got from the much simpler identity 
of § 2 by adding the same twelve squares to both sides. 


| 
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7. It seems much to be regretted that Binet’s identities have never 
received the attention and study which they deserve. The only writer 
of modern times that has been attracted by them is Metzler, whose 
contribution is to be found in the ‘‘ American Journal of Math.,” xx, pp. 


373-376.* 
* See also §§ 251, 252 of his recently published Treatise on the Theory of Determinants. 


Ronpesoscn, 8S. AFRICA, 
5th November 1930. 
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NOTE ON A SPECIAL ALTERNANT OF THREE VARIABLES. 
By Sir Tomas Murr, F.R.S. 


1. The determinant in question is 

1 z™y—z)? a” 
1 y" 
1 2™(x—y)? 2” 


and its fundamental property is its expressibility as an aggregate of simple 
alternants. This may be seen by changing its second column into 


(>. 2*—2*—2yz) 
> 
2m( 


— gmt? — 


and thence into 


whence by partition of the determinant we obtain 


1 y™ y” 1 y” y” 
1 gn 1 gmt |, 


or, in the ordinary abridged notation 
>2?.A(0,m,n) — A(O,m+2,n) — 2ayzA(0,m—1,n). 
Next, by performing the indicated multiplications, this becomes 


A(2,m,n) + A(0,m+2,n) + A(0,m,n+2) 
— A(0,m+2,n) — 2A(1,m,n+1) 
which reduces to 


A(2,m,n) + A(0,m,n+2) — 2A(1,m,n+1) . (I) 
as desired. 
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2. Of course the main value of such a result is that for particular 
values of m and n the evaluation of the symmetric function which is the 
cofactor of (z—y)(z—z)(y—z) or A(0,1,2) in our determinant is rendered 
an easy matter. Thus, to take Perrichet’s case,* namely, where m is 2 
and n is left general, we have for the equivalent of his determinant 


A(0,2,n+2) — 2A(1,2,n+1), 


which is readily resolvable into 


the cofactor of A(0,1,2) being of special interest in that it contains only 
those terms (3x in number) of the complete symmetric function of the 
(n+1)th degree which involve two variables. 

3. Another similarly interesting case is that where m is 1, our equivalent 
(§ 1) for the determinant being then 


A(0,1,n+2) — A(1,2,n), 
which is equal to 


A(0,1,2).( + Dar + Day) . (IB) 


where now in the symmetric cofactor the only terms excluded are those 


involving three variables. We should not fail to note, however, that this 
is but a double application of the fact that an aleph function is expressible 
A(0, 1, n+2) . 


as the quotient of two alternants. For (0, 1,2) is the aleph function 


A(1, 2, 2) . 
Norns is zyz . &,_,, and therefore is the 


sum of the triliteral terms of &,,: consequently their difference must be as 


(If) implies. 
4. Putting n—1 for n in (Ia), we have 


A(0,2,n-+1) — 2A(1, 2, n) 
=A(0, 1, 2).( arty + . + 
from which and (If) there results 


A(0,1,n+2) — A(0,2,n+1) + A(1,2,n) = A(0,1,2). Diz". 


of the nth degree, or &,, and 


And this of course is at once verified by performing the multiplication 
indicated in the right-hand member. 

5. These results are perhaps best viewed as simple instances of find- 
ing the expression for a given ordinary symmetric function in terms of 


* Revue des Math. Spéc., xxxix, p. 392. 
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bi-alternants, that is to say, in terms of quotients of alternants by the 
difference-product of the variables—a problem which has received much 
less attention than its converse. If we denote such quotients as usual 
by a( ), for example, denoting the bi-alternant A(p, q, r)A(0, 1, 2) 
by a(p, q, r), the set of equalities which we have reached is 
Dyna=a(0, 1, n+2) — a(0, 2,+1) + a(l, 2, n) 
a(0, 2,+1) — 2a(1, 2, n) 
n,3— a(1, 2, n) 


where addition gives us the familiar 


Dat Dit Dons = a(0, 1, n+2) = &,, 


The corresponding set of equalities for alternants of the 4th order is known 
to be * 


Dn1=a(0,1,2,n+3) — a(0,1,3,n+2) + a(0,2,3,n+1) — a(1,2,3,n) 


D>n2= a(0,1,3,n+2) — 2a(0,2,3,n+1) + 3a(1,2,3,n) 
a(0,2,3,n+1) — 3a(1,2,3,n) 
a(1,2,3,n) 


where again the sum of the is a(0,1,2,n+3), &,,. 
It would appear that orders higher than the 4th have not been studied 
in this connection. 


= Proc. Roy. Soc. Edin., xiv, pp. 433-445, 


Ronpesoscn, 8. AFRICA, 
7th September 1930. 
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A SKETCH OF THE FLORAL REGIONS OF 
TANGANYIKA TERRITORY. 


By J. F. V. D.Sc., F.R.S.E., F.L.S. 


Deputy Director and Ecologist, Department Tsetse Research, 
Kondoa-Irangi, Tanganyika Territory. 


Owing to the efforts of a line of notable botanists, from the occupation 
of the country by Germany until 1914, information as to the general 
systematic and geographical botany of the Territory is probably greater 
than that for any other Tropical African region. This makes it all the 
more surprising that the herbarium collections found in the country itself 
should have been meagre and non-representative. For example, it is 
only within the last few years that even the nucleus of a local collection of 


the plants of the great savannah areas has been formed.* 

As an outcome of the considered literature of the German workers— 
notably of Engler and Iris colleagues—and of observations by the writer 
in several portions of the Territory, it has been possible to give this sketch 
of the principal floral regions. The classification of the vegetation in 
accordance with the several local climates is original. At most, the barest 
outline has been given, and that of a working, tentative nature only—an out- 
line that continued experience alone can fill in to any satisfactory degree. 


THE FLorAL REGIONS OF TANGANYIKA TERRITORY UPON A 
Curmatic Basis. 


Vegetation in its floristics, physiognomy, and developmental destiny is 
regulated by climate ; conversely, vegetation in its developmental and 
ultimate forms is an indicator of climate. For this fundamental reason 
it is logical to classify the flora of a country in accordance with the grander 
climatic zones—the many variations due to purely local climatic conditions 
not being taken into consideration. 

A study of the grand physiographic and climatic conditions of Tangan- 
yika shows that these form a good working basis for the classification of 
* Dept. Tsetse Research Herbarium. 
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floral regions. Despite the very remarkable diversity in local climatic and 
soil conditions within the Territory, within short distances within one and 
the same major climatic zone—features that make a study of its flora 
even more interesting than a study of that classic flora, the Southern 
African—it is possible to correlate with the major orographical zones 
particular vegetations. 

We consider these in the sequel. 


I. Tot VEGETATION OF THE CoAsT AND Coast HINTERLAND. 


While the vegetation of the coast proper and of the country between 
the coast and the foothills of the mountain ranges bounding the great 
Central Plateau fall into one natural region, it is convenient to consider it 
under two divisions :— 


(1) The Vegetation of the Coastal Zone Proper. 


The coastal zone proper, extending from the sea to a distance of from 
10 to 20 miles inland, its general elevation ranging from sea-level to about 
300 feet, is a zone of high atmospheric humidity. In its northern portion 
it experiences the two rainy seasons of the Monsoon climate, but in the 
south the one rainy season of the Trade-wind climate. The mean annual 
rainfall ranges from 30 to 60 inches, the fall being greater in the northern 
than the southern portion. The rainy period is from December to May. 
The mean annual temperature lies between 77° and 82° Fahr., the absolute 
maximum range being about 30° Fahr. 
The communities of significance are : 


(i) The Mangrove Swamp Forests. 


Dense stands of Rhizophora, Bruguiera, Heritiera, Carapa, Ceriops, 
Sonneratia, Avicennia, ranging from several to over 50 feet in height and 
often covering many cres, occupy the shore between low- and high-water 
mark, These exist at the mouths and deltas of the various rivers, particu- 
larly of the Rufiji, Kilwa, and the Lindi. These extraordinary communities 
are rendered all the more grotesque by virtue of the buttressing effects of 
the mangroves and the presence of the interesting ‘‘breathing’”’ roots. 
The communities yield valuable tanning bark, as well as fuel and hut poles. 


(ii) The Communities of Higher, Drier, Alluvial Creekland. 


In places extensive open communities of Hyphaene coriacea, the Dum- 
palm, and scattered Phoenix reclinata (Wild Date), with a carpet of grass 
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and herbs form an attractive feature ; in others Pandanus, the Screw Palm, 
Oxytenanthera macrothyrsus, one of the native Bamboos, Acacia verugera, 
and Barrington racemosa form stands. 


(iii) The Evergreen Coastal Scrub. 


A gnarled, interlaced, stunted, often impenetrable scrubland, its canopy 
frequently appearing as an inclined plane—the result of wind-action— 
covers extensive areas on coral and duneland alike. Its floristic make-up 
is interesting in that some of the species exist as smaller or larger trees in 
the forests of the interior and of subtropical Africa. 

Important plants are Mimusops suleata, Sideroxrylon inerme, Elaeo- 
dendron Schweinfurthiana, Dodonaea viscosa, Euphorbia Bussei, and species 
of Allophylus, Enterospermum, Cordia, and Uvaria. In addition, there are 
tangled masses of climbers, such as Jasminum and Asparagus, while 
Sansevieria Ehrenbergii forms close ground cover. This community does 
not extend far inland; along the banks of the rivers, on drier sites, it 
gives places to a deciduous scrubland in which common plants are Dichro- 
stachys glomerata, Grewia spp. and Acacia spirocarpa. 


(iv) Semi-deciduous Woodland. 


Beyond the direct influence of the sea-winds and upon deeper soil is 
found an extensive and attractive semi-deciduous woodland—its degree of 
leaf-casting depending upon severity of the dry season, the particular 
locality, and the species. Certain of its constituents are evergreen. The 
density ranges from stands with close woody undergrowth to scattered 
trees amid grass, giving a park-like effect. Important trees up to 20 to 50 
feet in height are Albizzia fastigiata, Afzelia cuanzensis, Erythrophloeum 
guineenze, Baphia Kirkii, Brachystegia Holtzii, B. appendiculata, Parinarium 
Mobola, Uapaca zansibarica, U. nitida. Woody undergrowth is formed 
by such plants as Ochna, Brackenridgea, Brexia, Popowia, Tetracera, Gymno- 
sporia. Climbers of note are Landolphia, Secamone, and Vanilla. This 
vegetation yields some useful rough timbers. 


(2) The Vegetation of the Coastal Hinterland. 


The coastal hinterland, extending from within 10 or 20 miles of the coast 
to the foothills of the mountain-buttresses of the Central Plateau, ranges 
from 300 to about 2000 feet elevation. Not only is this zone characterised 
by a somewhat lower humidity, but also its actual rainfall is less than on 
the coast, while its temperature too is lower. Extremes of temperature 
and humidity are more marked than on the coast proper. North of about 
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8° Southern Latitude there are two rainy seasons; south thereof, but 
one. 

A point to be emphasised is that the vegetation of this sub-region differs 
chiefly from that of the drier portions of the interior—the vegetation of 
the Central Plateau—in that, while it shows certain similarity in physio- 
gnomy and in species, it is more tropical in its flora, in the various details 
of form, and in its luxuriance. 

The communities covering extensive areas alone can be considered. 


(i) Palm Communities. 


Upon alluvial land exist large communities of Raphia Kirkii, Borassus 
flabellifer, and species of Hyphaene, the ground-cover being grass or scattered 
shrubs. These merge into the next community. 


(ii) Acacia—Other Species—Open Woodland. 


Mile upon mile of alluvial ground is covered by stands of varying 
density of Acacia Brosigii, A. verugera, A. usambarensis, A. spirocarpa, 
A. mellifera, A. Stuhlmannii, and other species ; tall grass and herbs form 
the ground stratum. Extensive tall grass areas simulating true climax 
open grassland appear to be merely the result of continued destruction of 
the woody growth by fire. The open Acacia woodland merges into the 
next community by various gradations. 


(iii) The Combretum—Other Species—Open Woodland. 


This very widespread community is found not only upon alluvial but 
also upon residual soils. It is constituted by an open stocking of small trees 
and large woody shrubs, a tall grass ground stratum separating the scattered 
trees. Characteristic plants are Combretum spp., Terminalia spp., Com- 
miphora campestris, Strychnos spp., Dalbergia melanoxylon, D. elata, Bauhinia 
spp., Balanites, and Allophylus alnifolius. Upon residual soils this com- 
munity links with the— 


(iv) Brachystegia—Uapaca Woodland. 


In many respects this community, which covers very large areas, is 
reminiscent of the Berlinia-Brachystegia, or ““ Miombo,” of the Central 
Plateau, but is of more luxuriant nature, with a much taller grass stratum. 
It is a community of residual and not of alluvial soils. Outstanding trees 
up to 60 feet in height are Brachystegia Bussei, B. Woodiana, B. appendicu- 
lata, Berlinia globiflora, Uapaca Kirkii, Sterculia lindensis, Pteleopsis spp., 
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Diplorrhynchus mossambicensis, Maprounea, Amblygonocarpus, Swartzia, 
Chlorophora excelsa, and Pterocarpus Bussei, the last two giving useful 
timbers. 


(v) Semi-deciduous Thicket. 


Upon the sites protected from fire there exists this relatively dense 
community, a community that would undoubtedly recapture ground were 
fires kept out of the opener types already described. 

The general height ranges from 10 to 20 feet. The species are very 
numerous, a few of the important genera being Dichrostachys, Clausena, 
Fagara, Commiphora, Rourea, Cassia, Mundulea, Odina, Toddalia, Rhus, 
Vitex, Grewia, Ochna, Uvaria, Phyllanthus, Pteoleopsis, Cassine, Gymno- 
sporia, Scutia, Allophylus, Psychotria, Heeria, Strychnos, Zizyphus. 


(vi) Coastal Tropical Evergreen Forest. 


In moist, protected, deep alluvial-soiled localities where fires can do 
little harm, there develops, as climax, a low-level evergreen forest of open 
stocking and poor quality. The commoner trees are Khaya senegalensis, 
Afzelia cuanzensis, Sterculia appendiculata, species of Lovoa, Barringtonia 
racemosa; toward the margins occurs the useful Chlorophora excelsa. 
Masses of lianes drape the tree-tops. 


II, THE VEGETATION OF THE EASTERN SLOPES OF THE GREAT RANGES 
BOUNDING THE CENTRAL PLATEAU AND OF THE KILIMANJARO- 
Meru AREA: ELEvaAtIon 1600 To 6500 APPROXIMATELY. 


This region comprises the lower eastern and south-eastern slopes of 
Kilimanjaro-Meru, the Usambara, Unguru, Usagara, Uluguru, Uhehe, and 
Konde mountains. It is characterised by a high humidity, heavy rain- 
fall (from 40 to 80 inches and over), and a temperature lower than that of 
the coast hinterland (mean annual temperature between 64° and 70° 
Fahr.), but showing marked extremes (41° to 97° Fahr.). North of 7° 
Southern Latitude there are two rainy seasons. 

The outstanding features of the region are the vegetation communities 
leading to tropical evergreen forest, of which there are several types. For 
brevity sake the earlier stages are not discussed, attention being confined 
to the forest communities. 


(1) The Lower-level Tropical Evergreen or ““ Rain” Forest. 


Between about 1600 and 4000 feet, along the courses of streams, rivers, 
and alluvial valleys, in localities where the temperature is relatively high 
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and the rainfall abundant, exists the low-level type of evergreen tropical 
forest, often known as “rain” forest. This type shades gradually into 
the somewhat drier tropical forest of higher elevations. It differs from the 
last-named in being more tropical in its floristics and growth-forms, and 
more luxuriant in its undergrowth and its development of woody climbers. 
The principal trees are Ficus Volkensii, Mesogyne insignis, Piptadenia 
Schweinfurthii, Sorindeia usambarensis, Chrysophyllum msolo, Haronga 
paniculata, Khaya senegalensis, Lovoa spp. There is a very dense under- 
growth of woody shrubs and herbs, and festoons of rampant climbers. 
Exploitable timber is yielded by this type to a lesser degree than by the 
type described below. The area of this community has been greatly 
depreciated by fire. 


(2) The Upper Tropical Evergreen or “ Rain” Forest, 


Extensive areas of this luxuriant forest are found in the Usambaras, and 
on the slopes of Kilimanjaro ; less extensive areas occur in the Uluguru, 
Nguru, and the Livingstone mountains. The height growth is better than 
in the lower-level type, there are more stems to the acre, while the shape 
of these is better. Less rampant undergrowth covers the ground, and the 
canopy is more uniform. The atmosphere is drier and warmer. 

Important economic species are Ocotea usambarensis (Camphor-wood) ; 
the conifers Podocarpus milanjianus, P. gracilior, P. usambarensis ; Pygeum 
africanum (Red Stinkwood), and Weihea africana (Pillarwood). Species 
of abundance are Piptadenia Buchanani, Berlinia Scheffleri, Allanblackia 
Stuhlmannii, Macaranga usambarensis, Sapium abyssinicum, Pachyatela 
msolo, Uvaria gigantea, with a scattering of certain species of the lower- 
level type. 


(3) Lower-level Drier-type Tropical Evergreen Forest. 


In addition to the moist, lower-level, tropical forest there is between 
3000 and 5000 feet a drier type. Perhaps this is best developed upon the 
lower slopes of west and south-western Kilimanjaro and on Mount Meru. 
Some resemblance to the Subtropical Evergreen Forest exists in that there 
is a relatively high stocking per acre, a less luxuriant undergrowth, a drier 
soil. The principal trees are Croton spp., Olea chrysophylla, Calodendron 
capense, Brachylaena Hutchinsii, Maba buxifolia, Ekebergia Rupelliana, 
Trichilia spp., Olinia usambarensis. Some useful timbers are yielded. 


IIL. THe VEGETATION OF THE SUBALPINE ZONE: 6000 To 10,000 FEET. 


The localities comprised are the higher peaks of the Usambara, Unguru, 
Usagara, Uluguru, Uhehe, Konde, and Livingstone mountains, as well as 
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the upland regions west of the Eastern Rift. High humidity, fairly high 
rainfall (40 to 80 inches), frequent mists, moderate to low temperature with 
great extremes, are the climatic features. 

The more extensive communities are :— 


(i) The Mountain Grasslands. 


Those beautiful and valuable upland pastures are very well developed 
in the highlands of the interlake region of the Rift Valley, and of the 
country towards Lakes Tanganyika and Nyassa. Whether these grass- 
lands are developmental or climax is as yet undetermined ; at all events, 
in moister places they appear to be a stage toward Subtropical Evergreen 
Scrub and Forest. 

Very numerous are the constituent species of grasses, important being 
Themeda triandra, Hyparrhenia spp., Trichopteryx spp., Eragrostis spp., 
Ctenium concinnum, Sporobolus pyramidalis, Rhyncelytrum roseum, Andro- 
pogon exothecus, Setaria aurea. Subshrubs and herbs mingle with the grasses. 


(ii) Protea Open Woodland. 


Definitely developing from grassland toward evergreen scrub and forest. 
in places is found this interesting and picturesque vegetation—consisting 
of large, rounded, woody shrubs, small trees, and tall grass. The more 
important shrubs are Protea abyssinica and P. Madiensis, Faurea spp., 
Parinarium curatellaefolium, Dombeya spp., Terminalia torulosa, and 
Combretum splendens. 


(il) Subtropical Evergreen Scrub Forest. 


Under favourable conditions of moisture and soil appears this com- 
munity so widely spread throughout Africa. It is perhaps best expressed 
as being a stunted, developmental form of Subtropical Evergreen Forest, 
for many of the species in it are found in more luxuriant form in the last- 
named community. A height of 10 to 20 feet is attained. Widely spread 
in it are Apodytes dimidiata, Flacourtia Ramontchi, Dodonaea viscosa, 
Myrsine africana, Rhus glaucescens, Euclea spp., Rhamnus prinoides, Olinia . 
usambarensis, Psorospermum febrifugum, Osteospermum moniliferum, Cus- 
sonia arborea, C. spicata, Catha edulis, Gymnosporia spp., and numerous 
evergreen Rubiaceae. 


(iv) Mountain Bamboo. 


In certain localities extensive dense communities of Arundinaria 
alpina exist between 6000 to 8000 feet. 
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(v) Subtropical Evergreen or ““ Temperate Rain” Forest. 


Upon the upper slopes of the mountains named under the Tropical 
Evergreen Forest this subtropical type is found. In places it merges into 
the tropical type at lower elevations. It covers extensive areas, and 
yields some important timbers—those of Podocarpus spp., Juniperus 
procera, and Rapanea rhododendroides. Important species are those 
already named, together with Olinia, Chrysophyllum, Nuxia, Royena, 
Ekebergia, Pygeum, Trichilia emetica, Melia Volkensii, Olea Hochstetteri, 
Syzygium guineense, Apodytes dimidiata, Hagenia abyssinica, and Agauria 
salicifolia. The trees are usually tall, well-grown, the regeneration better 
than in tropical forest, and the undergrowth and lianes less abundant. 


(vi) The Cedar or Juniperus procera Forests. 


These interesting and economically valuable forests are practically 
confined to the Shume Plateau in the Usambara, and to portions of Western 
Kilimanjaro. They experience drier atmospheric and soil conditions. 
The Juniperus occurs either pure or mixed with many other species, the 
more important of which are Podocarpus spp., Maba buxifolia, Olea chryso- 
phylla, and Warburgia ugandensis. 

Juniperus is the most valuable timber tree in the country. 


(vii) The Subalpine Evergreen Scrub Forest. 


Toward the limit of forest growth (8500 to 9500 feet) the subtropical 
forest proper gradually merges to a stunted, gnarled, moss-and-lichen- 
covered scrub forest, the boles and crowns of which are grotesquely shaped. 
Frequent plants are Agauria salicifolia, Myrica, Kilimandscharica, Ilex 
mitis, Xymalos, and species of the Pittosporaceae, Celastraceae, Guttiferae, 
and Myrsinaceae, together with stunted Podocarpus spp. and a few Erica 
arborea and Philippia spp. 


IV. THe VEGETATION OF THE ALPINE ZONE: 10,000 To 15,000 FEET. 


Low temperatures, with considerable ranges, periodic snow, low 
humidity, and low rainfall are features of the Alpine zone. The country 
included is the upper portions of Kilimanjaro-Meru, Rungwe, and of a few 
less notable high mountains. 

The outstanding plant communities, in order of increasing elevation, 
are :— 

(i) The dense heath thickets of Erica arborea, Philippia spp., Blaeria 
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(ii) The Alpine grassland with scattered tree Lobelia, tree Senecio, 
tree Erica, large Protea, and other woody shrubs. 

(ii) The very extensive heath community, Ericinella Mannii, ranging 
from just above man’s height to a few feet. 

(iv) The zone of scattered Helichrysum and Senecio spp. finding shelter 
amid crevices in the rocks, with them occurring a few Alpine herbs and 
hardy grasses. 

This isa truly attractive and remarkable region—in it are found European 
herbs and grasses, large woody representatives of genera that in Europe are 
delicate herbs, and striking, often times fantastic, forms of plant life. 


V. THe VEGETATION OF THE GREAT CENTRAL PLATEAU. 


The Great Central Plateau, of mean height about 4000 feet, experiences 
a variable climate, which on the whole may be described as moderately 
warm (mean temperature about 70°) and dry (fall about 20 to 40 inches 
according to locality). North of about 7° Southern Latitude there are 
two rainy seasons; south of this, one season only. The range in tem- 
perature daily and annually is very considerable (e.g. from 97° to 50° Fahr.). 
Of very great interest is the vegetation, in that there are so many different 
types, and in that some of these types are so very extensive. 
For brevity the communities may be classified according to the following 


main types :— 

(i) Open grass, short or long, without incipient or relict largely deciduous 
thicket elements. This apparent climax grassland is limited in extent. 
Further study may show that this actually has been formed by the destruc- 
tive agencies of fire. Quite possibly it is a pioneer developmental stage 
allied to (ii) below. 

(ii) Open grass, short or long, with incipient or relict largely deciduous 
thicket elements, scattered or in communities of varying density and extent. 
or seasonal-swamp 


These often exist upon alluvial soil of the * mbuga ’ 


type. 
(iii) Acacia open woodland communities, with grass variable in height 


—-either on * mbuga ” or residual soils. 

(iv) Combretum Terminalia—other species open woodland, with grass 
variable in height; this may be found on either * mbuga” or residual 
soils. This yields some useful timbers. 

(v) The Berlinia-Brachystegia woodland, or ** Miombo” consisting of 
large to moderate-sized, lightly foliaged trees, there being little or no 
undergrowth apart from sparse growth of grass. A good timber is yielded 
by Pterocarpus Busse. 

The upland forms of this are very beautiful, especially where the 
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magnificent, delicately foliaged Brachystegia microphylla occurs. This type 
occurs upon residual soils only. 

(vi) Deciduous thicket in which Grewia, Baphia, Bussea, Pseudoprosopis, 
Combretum Trothae, and the trailing Combretum longispicatum are the 
main forms; there is little or no grass. The very peculiar “ thicket ”’ 
upon residual soils in the vicinity of Manyoni, Itigi, and Kazi-Kazi belongs 
to this type. 

(vii) Deciduous serub in which Commiphora spp. and other spined or 
rigid woody shrubs play an important part; Baobabs are a feature. The 
grass growth is either poor or absent. It seems the climax vegetation 
type toward which the other communities develop when fire is kept from 
them. This is the “* Mchaka” of the natives. It develops upon alluvial 
and residual soils. 

(viii) Remarkably large, often treeless, poorly grassed “‘ Kultursteppe,” 
or areas of cultivation and grazing, have been formed by man—of especial 
note being those of Kusulu, Usukuma, Ugogo, Kondoa-Irangi, and Singida- 
Mkalama. A few scattered Baobabs alone remain of the original woody 


vegetation. 


Study of the vegetation of this great region shows that fire has played 
an important part in the development of the communities ; apparently the 


ultimate expression is the Deciduous Scrub, but the stages leading thereto 
are inhibited in development by fire. 


VI. THe VEGETATION OF THE EQUATORIAL Bastn or LAKE VICTORIA. 


The principal features of this region are the occurrence of two warmer 
seasons and two cooler seasons, and two rainy seasons separated by a 
short dry season. The variation in temperature over the year is slight. 
The rainfall is relatively high. 

The details of the communities need not concern us, suffice it to say 
that the important feature is the occurrence of a number of West African 
species and growth-forms not represented in the other regions. A particu- 
larly interesting feature is the Equatorial Lake-Forest, consisting of well- 
grown Baikiea, Chrysophyllum, Maesopsis, Podocarpus, and other trees, 
oftentimes fringed on the water-side by Eugenia and Palms, or by extensive 
Papyrus swamps. 


From this skeleton survey of the floral regions it is evident that Tan- 
ganyika Territory has a rich and varied flora, a flora that is capable of 
yielding not only information of purely scientific interest, but also much 


useful material for common needs. 
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ON A NEW SPECIES OF ARISTEA, WITH AN ACCOUNT 
OF THE ANATOMY. 


By R. 8S. Apamson. 
(With two figures in the text.) 


In a previous communication (Trans. Roy. Soc. 8. Afr., xiii, pt. 2, 175) 
the anatomy of some shrubby species of Iridaceae was described. The 
object of the present paper is to supplement that account by a description 
of another species that has been collected in the Swarthergen and Klein 
Swartbergen and especially in Seven Weeks Poort. 

This plant is represented in herbaria, where it is included under Aristea 
corymbosa Benth., but it is quite distinct. The plant described in the 
previous paper is the real Aristea corymbosa. This has been known for 
many years and has been cultivated in Europe. It was figured from a 
cultivated plant in the Botanical Magazine in 1805 (t. 895). 

While the plant from the Swartbergen has a general external resem- 
blance to A. corymbosa, it differs in a large number of characters. It has a 
shorter more freely branched stem with shorter and rather glaucous leaves. 
The inflorescence axis is shorter and scarcely exceeds the leaves. Lateral 
branches often produce inflorescences. The inflorescence itself often 
approaches an umbel in form. The branches are all about equal and arise 
close together. In A. corymbosa the lower branches are larger and almost 
like subsidiary inflorescences. The flowers in the Swartberg plant are 
larger and paler in colour. The tube of the perianth is shorter and much 
wider. The bracts are brown scarious, distinctly crumpled and folded 
loosely round the tube. The fruit is also smaller. 

This plant is so distinct both in its external features and in the anatomy, 
that it is here described as a separate species, to which the name of Aristea 


lignosa is given. In accordance with the international rules a Latin 


diagnosis is given :— 


Aristea lignosa, sp. nov. (subgen. Nivenia). 


Fruticosa, erecta, ramosa, 30-100 cm. alta, ramis ancipitibus. Folia 
disticha amplexicaulia lineo-lanceolata 5-10 cm. longa, 0-3-0°5 cm. lata, 
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acuta glaucescentia, vaginae marginibus anguste membranaceis. Inflores- 
centia terminalia, pedunculo erecto ancipiti, 3-8 em. longa, folios aequante 
vel paullo breviore. Rami inflorescentii aequantes cymosi vel indivisi. 
Flores binatae corymbosae. Spathae tenaces obtusae vel retusae, saepius 
apice marginibus breviore, superne latiores, marginibus superioribus 
anguste membranaceis, 4~5 mm. longae. Bracteae spathis duplo longiores 
membranaceae bruneae corrugatae apice obtusissimae. Perianthii tubus 
bractiis duplo longior, segmentis tubum aequantibus lanceolatis obtusis. 
Stamina aut exserta segmenta perianthii superantia, aut in tubo inclusa. 
Stylus aut in tubo inclusus aut longe exsertus, ramis brevibus. Ovarium 
obovatum apice truncatum retusum. Capsula spatha inclusa 3-5 mm. 
longa cylindrico-obovata obtusa vel retusa. 

Cape Province: Swartbergen and Klein Swartbergen from Meirings 
Poort westwards to Ladismith. 

Adamson: Levyns, 2443!; Drege, 2184!; H. Bolus, 12335!; Deas, 
6481!; Phillips, 9265! (N.B.—In Herb. Brit. Mus. is a specimen of 
Crosfield labelled ‘nr. C. T.” This is certainly an error.) The type of 
the species is Adamson (Seven Weeks Poort) and Levyns, 2443 (from the 
same locality) in the herbarium of the Botanical Department, University 
of Cape Town. 


Aristea lignosa flowers in winter and spring while Aristea corymbosa 
produces its flowers in late summer. The former is found on dry rock 
cracks and ledges at altitudes from 2000-4000 ft. The basal portions of 
the stems are often tightly wedged between the rocks. A. corymbosa grows 
on rocks or rock ledges, by streams or in moist sheltered places. A. lignosa 
is rarely over 75 em. in height, while A. corymbosa under favourable con- 
ditions attains a height of 1-1-5 metres. The aerial stem of A. corymbosa 
is also much thicker. The largest example of A. lignosa measured was 
40 20 mm. at the base and 13x 10 mm. above. 

It may be mentioned that both have dimorphic flowers, the one kind 
with a projecting style and the stamens included in the tube, the other 
with a short style and exserted stamens. All the flowers produced by one 
plant are of the same kind. 


STRUCTURE. 


While the general plan is the same as that of the plants previously 
described, A. lignosa differs in a number of points from all of them. In this 
plant the secondary tissues are exceedingly hard owing to the fact that all 
the cells of the ground tissue have lignified walls. In the material examined 
which was collected at the flowering period, the cells of the ground tissue 
contained large quantities of starch. In old stems some of these cells 
contain a dark-brown resinous substance that becomes very hard. 
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LEAF. 


The leaf in A. lignosa is smaller and more xerophytic than that of 
A. corymbosa. It is thicker, has a central tissue with thickened walls, a 
fibrous sheath round the bundles, and a much larger amount of thickening 
in the walls of the epidermal cells, also it has stomata which are slightly 
sunk below the surface. In A. corymbosa the stomata are flush with the 
surface. 


PRIMARY STEM. 


The primary stem does not need any elaborate description ; it is a flattened 
ellipse in section. The bundles are concentric except in the very youngest 


Fic. 1.—Small part of transverse section showing outermost portion of primary bundles. 
The cambium has formed though the primary bundles are not yet complete. x 350. 


portions. There is no parenchyma round the protoxylem so that the 
mature bundle appears quite symmetrical in section. The formative 
zone can be recognised at a very early age in the stem internal to the narrow 
cortex, the cells of which are filled with a brown substance. This brown 
substance is probably a tannin substance, but does not react readily to 
iron salts. The cells of the formative zone appear clear by contrast. The 
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vascular system of the stem is added to gradually by this zone. The bundles 
are formed progressively from inside outwards by differentiation and division 
of the cells. In the young stem the divisions of the cells of the formative 
zone take place irregularly : there is no definite layer that can be called a 
cambium. At a later stage, but before the differentiation of the primary 
bundles is complete, a cambium layer can be recognised from the divisions 
of which the secondary tissues arise. The last parts of what must be regarded 
as primary tissues are often formed from the divisions of this cambium 
layer (fig. 1). 

The following measurements will illustrate these characters. In a non- 
flowering stem definite secondary growth commenced 35 mm. from the apex. 
A cambium layer was, however, recognisable 15 mm. from the tip, and the 
outer primary bundles were formed from this. In a flowering branch on 
the plant, secondary growth commenced 24 mm. behind the apex, the 
cambium being formed at 20 mm. In this case, at 15 mm. there was no 
recognisable cambium. The commencement of secondary growth corre- 
sponds very closely to the fall of the leaves. 


SECONDARY STEM. 


As might be expected from the prolonged period of formation of the 
primary tissues and the formation of parts of these from the cambium, 
the demarcation of primary and secondary tissues is not very sharp. This 
is especially noticeable when examined in transverse section. Here it is 
often very difficult to make out the line of junction (fig. 2). This 
junction is much more readily determined in longitudinal view because the 
primary bundles follow an almost straight course, while those in the second- 
ary tissues have a very irregular course in the stem. Further the xylem 
of the primary bundles is characterised by either spiral thickenings or 
scalariform pitting, while that of the secondary bundles has pits with 
oblique apertures. The very irregular course pursued by the secondary 
bundles is due to their formation from cambium cells which are not much 
elongated. The divisions that become elements of the xylem undergo a 
very considerable extension in length. 

The secondary tissues are composed of concentric bundles embedded in 
a starch-containing ground tissue, the walls of the cells of which are lignified. 
From the commencement, the secondary bundles are arranged in concen- 
tric rings: the bundles of adjacent rings are separated from one another 
by ground tissue. In the first-formed part these rings of bundles are close 
together, but in the older stems the amount of ground tissue is greater. 
The bundles in a ring are separated from one another by radially placed 
cells of the ground tissue. In the innermost portions, the bundles may be 
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very close together or even in contact, but there is none of the inner compact 
secondary tissue, which is such a feature of Aristea corymbosa, or of Witsenia 
maura, etc. The ring of secondary bundles may sometimes be double, 
consisting of two in contact radially. 


Fic. 2.—Portion of transverse section through junction of primary and secondary bundles. 
Starch containing ground tissue indicated by dots. x 350. 


In the basal portions of the stem, irregular and incomplete rings are not 
uncommon. These are due to unequal growth of the cambium. 

In addition to the concentric rings of bundles, a zonal differentiation is 
recognisable in the ground tissue owing to difference in the size of the cells 
and in the thickness of their walls. 

In this plant these concentric rings appear to represent true annual 
rings. The plant grows on the mountains under conditions where the 
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temperature falls very considerably in the winter months. Snow is quite 
usual especially in the upper portions of the range of the plant. Correlated 
with this is a seasonal activity of the cambium producing more definite 
and distinct annular rings than have so far been described for a mono- 
cotyledon. 


CoRTEX AND Cork. 


The cortex is a quite narrow zone. The cambium zone is also incon- 
spicuous. In these features the structure is much more comparable to 
that of Witsenia maura than of A. corymbosa. 

Cork forms in the outer parts at an early stage and a considerable 
thickness may be present in an old stem. Cork formation commences 
immediately after the formation of secondary bundles. The cork cells 
have the tangential walls thickened. 


GENERAL. 


A. lignosa constitutes a fourth species of the subgenus Nivenia of 
Aristea. The species are all confined to the south-west Cape region. In 
this region the species do not overlap in their local distribution so far as is 
known. Aristea corymbosa appears to have the widest range. It is found 


on the mountains from Tulbagh to Genadendal. A. lignosa is confined to 
the Swartberg group of mountains ; A. stokoei occurs on the coast belt from 
Cape Hangklip to Hermanus; and the fourth, A. fruticosa, oceurs on the 
Langebergen from Swellendam to Riversdale. 

It is necessary here to correct the nomenclature used in the previous 
paper. The plant there described as A. fruticosa is not that species but 
A. stokoei. The anatomy of the real A. fruticosa is still undescribed. 
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THE ANCIENT IRON-SMELTING CAVERN AT MUMBWA. 
By Professor Raymonp A. Dart and Sic. Nino DEL GRANDE. 
(With 8 Photographs and 35 Text-figures.) 


The most embarrassing feature of South African archaeology has been 
its cultural discontinuity—a feature in which the country presents parallels 
with Europe. These parallels are, however, by no means exact. We have 
in Africa, as in Europe, old palaeolithic cultures—represented by those 
variants known to-day as the Victoria West, Stellenbosch, and Fauresmith 
industries—succeeded by recent palaeolithic cultures such as those of 
Glen Grey, Smithfield, and Wilton, but we have no satisfactory evidence 
concerning the time-periods at which these cultures first manifested them- 
selves in Africa. The barest information is available for correlating South 
African archaeology with European archaeology and for determining the 
ultimate sources of the stone implement manufactures characteristic of 
the two continents. Does Europe stand in a parental relationship to 
South Africa with regard to her stone industries or the reverse? Or have 
both borrowed their knowledge continuously from the vast territory of 
Northern Africa that lies between? All these theories have their 
protagonists. 

The exploration of the intermediate territory will one day return the 
final answers to these queries. Still, some valuable facts are already known, 
and certain others will be brought forward in the present work, which 
appear to illuminate considerably the sequence of events in the later stages 
of the prehistory of Southern Africa and the probable factors that led to 
their manifestation. Whether the same type of factor, as will be discussed 
here, is involved in the penultimate phases of the prehistory of Europe is 
open to conjecture and to future inquiry. They probably were. 

In the first place, it will be of assistance if we recall the fact that stone 
implements of the old palaeolithic (Stellenbosch) type are found in the 
lowest (most recent) terrace of the Vaal gravels, in company with 
mammoths and other extinct animals, as I pointed out in my article 
on ‘‘Mammoths and Man in the Transvaal,” in Nature, vol. exx, 
No. 3032, 10th December 1927. 

Immediately superjacent on these heavy gravels Mr. Lowe found a 

VOL. XIX, PART IV. 27 


( 379 ) 
| 
‘ 


380 Transactions of the Royal Society of South Africa. 


lighter gravel containing Fauresmith coups-de-poing and flakes, and above 
this a 2-17 foot deposit of sterile yellow sandy loam and clay upon whose 
surface implements of the Smithfield B type were recovered. This stratifi- 
cation demonstrates that the Stellenbosch (Acheulian) industry persisted 
in Southern Africa to a relatively recent period as compared with its 
persistence in Europe. For these gravels, ancient as they are, can scarcely 
be older than those of similar orientation in Europe, 7.e. the lowest terrace 
nearest to the river beds. Hence in South Africa cowps-de-poing were 
being used until a relatively short time ago. It is probably the long period 
of persistence of the Old Stone Age in Southern Africa (7.e. to the period 
of this Recent Pleistocene deposit) that is responsible for the peculiar 
wealth of this phase of stone culture throughout Southern Africa. Once 
the very ancient inhabitants developed or received the culture—probably 
in Early Pleistocene times—they maintained it in relative purity with 
noteworthy permanence. Wherever earlier stratification of any significance 
—e.g. the upper gravels of the Vaal and cave deposits—has been encountered 
there is no appreciable variation from this primitive (Stellenbosch) type of 
stone implement manufacture (vide also Goodwin, “ Stone Ages of South 
Africa,’ Ann. of S.A. Mus., vol. xxii, 1929). 

The remarkable persistence of this primitive culture suggests that the 
factors which provoked its cessation were of a precise and ascertainable 
character. In the Vaal Valley it would seem that the Stellenbosch culture 
was replaced by the Fauresmith industry for only a brief period, and that 
ultimately, even for those practising the new industry, the climatic condi- 
tions proved untoward. The countryside there was probably a desert. 
Finally, when man appears there again, he is practising a still more advanced 
or Smithfield stone art. 

It was in the hope of learning something about the succession of these 
later phases of the prehistory of Southern Africa that the Italian Scientific 
Expedition under Commander Attilio Gatti began excavations at Mumbwa 
in Northern Rhodesia during June and July 1930. Here, some years ago, 
Mr. Farquhar B. Macrae, now Native Commissioner for Northern Rhodesia 
and then Resident Magistrate at Mumbwa, had conducted preliminary 
excavations and had proved the occurrence of quartz implements and 
flakes in great quantity at considerable depth at the front of a cave. 

The approach to Mumbwa is by way of a military road leading from the 
railway at Chisamba. It lies about 130 miles south-west of the Broken 
Hill Zine and Copper Mines, where the skull of Homo Rhodesiensis was 
discovered about ten years ago. The caves in question (see fig. 1) lie about 
14 miles west of the Magistracy on the road to Lubungo on the Kafue 
River. Mumbwa forms, as it were, the centre of the circle described by 
the Kafue River before it joins the Zambesi, and is in the heart of a wonder- 
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ful big game territory covered with luxuriant grass, 8 to 10 feet high, and 
scattered brush, forming rolling parklands—an environment ideally con- 
ceived by nature as a home for early mankind. In this valley a dozen 
caves have been located by the Expedition. 
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Fia. 1.—Diagram of the Kafue Valley to show the position of the Mumbwa caves. 


At Mumbwa the caves are three in number, exclusive of various 
scattered holes in the rock. They occur in two limestone bluffs 40 to 
80 feet in height, and outcropping over a line running N.W. to S.E. over 
a distance of about 400 yards or more (see Photograph Panorama). This 
bluish-black mass of rock is surrounded on all sides by reddish earth, save 
where this is covered in the hollows round about by a loam, blackened to 
a depth of a foot or two by the vegetative growth of recent centuries. No 
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other kind of rock is in the immediate vicinity, so that the materials found 
during excavation, such as haematite, specularite, quartz, quartzites, chert, 
shale, and sandstone, were all foreign and had been transported thither by 
human agency. 

The limestone is probably of Cambrian or even greater age. It is tilted 
vertically and has suffered great distortion of its stratification, the strata 
in part being contorted to the extent of being completely twisted upon 
themselves—probably as a result of volcanic agency. The exposure of 
aeons has riddled the outcrop with funnels and chimneys, the whole exhibit- 
ing the amazing results of weathering. The caverns themselves are the 
offspring of the same gigantic process—negative sphaeroidal weathering— 
at some very remote age. Originally the caves were of great size, but on 
our arrival were filled almost to the roof—the consequence in the main, 
presumably, of the falling of limestone blocks at or near the entrance and 
the damming behind them of the argillaceous material leached from the 
impure limestone or of mud carried in over these rocks by water. The 
largest cavern is situated in the northern bluff (see Photograph 1). Two 
smaller caverns are present in the southern bluff. These latter were left 
untouched and attention was riveted on the largest cave. The most dis- 
turbing feature of the environment of the main cavern excavated was the 
discovery at the entrance (in addition to fallen pieces of the natural lime- 
stone) of other numerous blocks in various sizes up to a yard in diameter, 
whose constituents were mainly quartz flakes, ash, burnt clay, and 
incinerated bone. These lie scattered along the western approach to the 
cavern, nearly 100 feet in length, and present in their total many tons of 
material, extremely heavy and as hard as rock. It was surmised at first 
that these masses were the remains of very ancient hearths that had been 
consolidated by percolating lime-charged water and so turned to stone. 
It was realised, on the other hand, that such a conception did not explain 
their distribution as discrete, isolated fragments lying free on the solid 
limestone and entirely outside the cavern, nor the prodigious amount of 
material found there. ,We were to learn later that the whole of this material 
had not been consolidated by lime at all, but by the action of fire. Its 
position could be interpreted only by its having been deliberately taken 
up out of the cavern and transported to its external face by human hands, 
obviously under the direction of an intelligent personality. This is furnace 
slag refuse and is beautifully exhibited in section at the site (Entrance B) 
of Mr. Macrae’s exploratory trench. There it overlies the surface in great 
blocks (see Photograph 2) and has been cut through by his and our excava- 
tions to a depth of 8 feet (see also section M-N, fig. 2). A specimen of the 
material is also shown here in Photograph 3. 
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THe Excavations (see Text-figs. 2 and 3). 


The two caves in the southern limestone bluff being smaller, were left 
intact. These and the vast majority of the large cavern still await excava- 
tion. Work was begun on the much larger cavern in the northern bluff 
where Mr. Macrae had been active. When operations were begun here 
this cavern seemed to be two fairly large caves opening on the west at B, 


NORTHERN 
EXCAVATION 


SOUTHERN \ 


EXCAVATION MACRAE'S EXPLOWATORY PIT 


Fic, 2. 
1. Ground plan of Mumbwa cavern showing entrances on south A, west B and C, and 
north-west D, and also the areas excavated (cross-hatched). 
2. Longitudinal section through the southern portion of the cavern along line M, N. 
3. Transverse section through the southern portion of the cavern along line X, Y. : 
4. Transverse section through internal (eastern) passage along line H, K. 
5. Transverse section through southern passage along line R, 5. 


(', and D (see fig. 2), connected by an eastern passage which continues into 
a narrow cleft-like corridor opening (at A) on the south of the bluff. But 
after excavation was carried out in these two caves, the connecting eastern 
passage was opened up. It was found then that these modern appearances 
were fallacious, and that, in reality, the whole originally formed a single 
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limestone cavern about 100 feet long at the western face and tunnelling 
eastward under the limestone for about 50 to 60 feet. This cavern, as can 
be seen from the ground plan (fig. 2), was supported by at least two but- 
tresses on the western face, which broke up the approach there into the 
three existing entrances (B, C, and D). Rock bottom was reached in the 
northern section at 25 feet from the present floor and 31 feet from the roof 
above it. The ground plan also illustrates relatively the nature of the 
excavation. The southern extremity we tested by one large longitudinal 
(see fig. 2, No. 2) and two transverse (see fig. 2, No. 3) trenches, removing 
the soil in 20-centimetre strata to reveal the stratification of the deposit. 
We thus carried the trench and trial pit of Mr. Macrae at the western 
entrance back to the eastern extremity of the cavern. Having passed 
through the implementiferous strata here, we sank trial pits both at the 
back and at the front of the cave. In both places we arrived at the lime- 
stone of the cavern floor, over part of the shafts driven down, without 
encountering any other than a solid reddish clay containing no foreign 
stone whatever. 

The transverse trenches were executed to confirm the stratification 
found in longitudinal section. On the north side between the transverse 
trenches the whole of the earth was removed to a depth of 60 centimetres. 
All of the ground removed was passed through sieves of graduated size, 
and the flakes and implements secured have been forwarded to the Governor 
of Northern Rhodesia, the Royal University of Florence, the University 
of the Witwatersrand, and the Universities of Brussels and Arizona. 

Having thus fully tested the contents of the southern extremity of the 
cavern, and having secured during the process of the work a more com- 
prehensive conception of its original dimensions and the objects to be 
encountered, we initiated excavation in the northern extremity (see text- 
fig. 2 and Photograph 7) on different lines. Here we divided the entrance 
and the passage leading away from it by a central line 21 feet long and 
removed the whole of the cavern contents lying to the north of this central 
division. Owing to the recession of the northern wall this block-like 
excavation at a depth of 10 feet attained a width of about 18 feet, whereas 
at the surface the entrance was only 6 feet wide. Another 6 feet farther 
down it is about 24 feet wide. In this manner over 3000 cubic feet or 
nearly 250 tons of earth were removed from this excavation alone during 
the period, all of which was also passed through the sieves. We estimate 
that in the whole excavation of the cavern 462 tons of earth were excavated. 

The manner of treating this region was dictated by the nature of the 
objects found. Thus when tombs, refuse heaps, and the furnace hearth 
came to light, they were isolated and excavated as separate units. The 
supervision of the digging was carried out by Signor Nino del Grande, 
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whose training as an architectural engineer had rendered him peculiarly 
fitted for the understanding and interpretation of the structures disclosed. 
At each phase of the work we profited by conferences of all three (Gatti, del 
Grande, and Dart), submitting each important object to joint consideration. 

In our third text-figure this northern excavation is shown in ground 
plan. On arriving at the level of the furnace it was decided to leave this 
in position and to test the remaining lower levels by a “ central pit ” and 
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Fic. 3.—Ground plan of excavation in northern extremity of cavern. 


to search for further skeletal remains by a “ northern wall pit below the 
tombs. The central pit was carried right down to the floor of the cave, 
but the northern wall pit was terminated at a depth of about 6 feet in the 
sterile red clay stratum. 

By means of these pits we were able to confirm the continuity of the 
various strata through the northern section of the cavern and to reconstruct 
with more exactitude the various stages in its history. 

An ancient palaeolithic stratum was encountered in the lowest 5 to 
6 feet of the cavern in the “ central pit.” Over it lay a thick deposit of 
sterile red clay. Upon this lay a thin (1 to 2 feet) stratum of Moustierian 
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Fic. 4.—Transverse section through line A, B of fig. 3 to illustrate the relationship of 
the upper and lower strata to the dividing line (10) and also to the furnace. 


Fic. 5.—Transverse section through line C, D of fig. 3 to illustrate the relationship of 
the dividing line (10) to the upper and lower strata and also to the furnace bed. 
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character. This was separated by the line (named 10), consisting of quartz, 
quartzites, and other boulders from the overlying Late Stone Age deposit. 

In text-figs. 4 and 5 the stratification as found in this northern excava- 
tion is clearly set forth and will now be discussed. 
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Fic. 6.—Perspective diagram of northern excavation. 


STRATIFICATION, 
The stratification of the deposit is best understood from the photograph 
(No. 5), the perspective diagram (text-fig. 6), and the sections (text-figs. 
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4 and 5) of the excavated area. The most clearly demarcated separating 
lamina in the actual cave section is that arbitrarily numbered 10, which 
is composed of boulders of fractured quartz, quartzites, sandstones, and 
ironstones. This runs in an undulating fashion from the region of the 
furnace site northwards and southwards, as shown in the diagrams. The 
most important features of this dividing line are, firstly, that it is continuous 
with the furnace floor, and, secondly, that it is the lowest limit (10 feet from 
the floor level at the centre of the Entrance D) of the Late Stone Age 
culture. Above this line lie the strata indicated in the diagrams as the 
iron arrow-head, pure stone culture, solidified ash, and furnace strata 
respectively. These four layers from the stone cultural point of view are 
to be looked upon as a single unit, because throughout the whole area the 
fundamental character of the culture is the same. The material of choice 
is quartz, although occasional implements are found executed in chert, 
in ironstones, and in shale. 

The instruments fashioned belong in the vast majority of cases to those 
industries which are classified by Rev. Neville Jones as Upper Palaeolithic, 
and which in South Africa have been divided into Middle and Late Stone Age 
groups by Goodwin and Lowe in their work on the “ Stone Age Cultures 
of South Africa,” appearing in vol. xxvii of the Annals of the S.A. Mus. 
(1929). We refer to them simply as Late Stone Age. Interspersed with 
the implements typical of these cultures, especially in the furnace stratum, 
there are occasional implements usually in ferruginous quartzite, shale, 
or chert, which are identical in character with those of the Fauresmith 
(or Moustierian facies) culture. Below the line 10 quartz occurs as a 
rarity, and the implements found there are generally executed in ferruginous 
quartzite and shale and are always of the Moustierian type. 

The ash stratum (see Photograph 5) is a huge heap of fine white ash, 
consolidated to the consistency of rock. It varies from 18 inches to 3 feet 
in thickness, is 12 feet long from north to south in its exposed face, and 
was traced in inward or eastern extension at the northern edge for a distance 
of 9 feet. It effectually separates the so-called furnace stratum from the 
overlying strata stratigraphically but not culturally. 

The most superficial or iron arrow-head stratum is not demarcated by 
any ostensible topographical feature from the pure stone culture stratum. 

It has been represented differently in the diagram merely because it 
differs in revealing a wide variety of unglazed, freely decorated pottery 
and a few iron fragments (arrow-heads), and also because there was a 
greater number of bone and shell ornaments at that level. Here also were 
discovered rubbing-stones and a “kwe or “ Bushman” digging-stone 
executed in ironstone. Very occasionally, however, pottery was also 
encountered at deeper levels, especially towards the side wall, and also 
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broken fragments of haematite ’kwes, even in the furnace stratum. Shell 
and bone ornaments were also found in the “ pure stone culture ” stratum, 
and the lack of their recovery from the “ furnace stratum ” was probably 
due only to their fragility. 

The “ bone and quartz area” is not a clearly defined stratum. It is 
on the same level as the ash; and our diagram indicates that a great 
mass of incinerated earth and 
finely broken charred bone and 
quartz was passed through in this 
region. The whole of the ash 
stratum (with its forward-exten- 
sion dotted line) and the bone 
and quartz area (with its inward- 
extension dotted line) belong with 
furnace stratum to the period of 
ancient activity in the cavern. 
Actually in the furnace stratum 
and directly superimposed on the 
line 10 and the underlying Mous- 
tierian layer there was discovered 
the furnace site. It consisted of 
an oval (4 feet long by 3 feet 
broad) foundation of charred 
limestone blocks — apparently 
blocks that had previously fallen 
from the cavern roof and formed ra 
ready material for the workers. : af 
They were similar to many hun- 
dreds that were carried out from 


? 


the cavern during the progress Fic. 7. 
of the excavation. The walls of 1. Sagittal section of tomb. 

2. Horizontal section of tomb. 
the furnace had collapsed, but the 3. Transversal section of tomb. 


lower ranges of the oval beehive- 

like structure were in position and were carefully dislodged until the 
furnace base was disclosed. This base the excavating party left in 
position as a permanent monument. 

Alongside the northern cavern wall, in close proximity to the furnace 
but on a somewhat lower level (approximately 18 inches), two beehive 
enclosures whose outer walls had been fashioned out or rounded lime- 
stone fragments in a style similar to that of the furnace. The inner wall 
was formed by the cavern itself (see text-fig. 7). Within these, osseous 
human fragments were discovered, together with stone implements 
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(Photograph 4). Their excavation was a matter of great difficulty, as 
the massive roots of a tree growing outside the cavern had penetrated 
the earth alongside the cavern wall and had battened on the burials. 
Further, the ubiquitous Rhodesian termites had also installed themselves 
in the cavern, and jointly these factors had played great havoc with the 
human remains. In all, remnants of crania and other bones of sixteen 
different individuals were recovered at five successive levels of occupation 
of the cave, of which this (the furnace) level was the third down from the 
present floor. It was only in that instance and in a further burial level 
below it that the presence of stone tomb burial was established with 
certainty. The remains recovered were insufficient to establish the 
orientation of the body within the tombs with absolute accuracy, but it 
appeared, from the general size and form of the structure and the positions 
of calvaria found, that the body had been cramped into the foetal position 
so as to assume the minimum of space, and in a sitting position. This 
beehive construction of furnaces and tombs may be compared with the 
building of beehive stone huts at Vechtkop in the Orange Free State, and 
also in various parts of the Transvaal. 

Towards this northern entrance also huge masses of furnace detritus, 
varying in their degree of consolidation, were found. In the area indicated 
as “ furnace site’ a heap of ash was roughly walled off ; it also was prob- 
ably a furnace site, as the overhanging wall is fire-burnt. In the area 
indicated as ‘furnace refuse’’ the semi-solid mass contained pieces of 
slag, incinerated earth, clay, and rock. The general habit in furnace- 
building seems to have been that of packing the rounded limestone boulders 
in clay in an oval beehive form. Subjected to intense heat under these 
conditions this native limestone loses much of its superficial constituents ; 
and these rocks, as found by us, consisted of successive layers of incinerated 
reddish crust with an inner nucleus of the native bluish-black natural lime- 
stone reduced to a friable condition (see Photograph 3). Hundreds of 
discarded rocks of this character had apparently been heaved over after 
use towards the entrance. The size of the nucleus depends in each case 
on the original size of the boulder before being subjected to the furnace 
heat, and also on the intensity of the heat to which the blocks have been 
subjected. 

The relative position of the objects associated with the smelting activities 
is of interest. The prevailing winds in Northern Rhodesia, especially in 
the dry season of the year, come from the East. The result was that the 
wind, gaining access to the cavern by various apertures in the eastern face 
of the limestone wall, consistently drove towards the western openings. 
The cavern roof to the west above the furnace sites is charred and dis- 
coloured reddish and black with the furnace fires of the past. The natural 
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position for the dumping of the broken-down and discarded furnace walls, 
and for the cooling off of the molten metal and the general furnace con- 
tents, was to the west, hence the circulating air would drive the overpower- 
ing fumes easily to the outside; meantime the pure and innocuous ash 
was piled in heaps towards the eastern interior. It is noteworthy that no 
tuyéres or any other objects that are typical of blast furnaces were found 
in the debris. The furnaces were of the simple mound form found by 
Gordon and Wagner at Rooiberg for smelting bronze. 

The overhanging rock at numerous points along the western face of the 
cavern exhibits by its charred condition evidence, confirmed by the exten- 
sive dump-heaps outside, that during the vigorous period of smelting 
activity numerous furnaces were in operation along or just inside its 
entire front. 

Samples of the first fire-fused materials secured were submitted to 
Mr. R. Smithers of the Matala Silver Mine near Mumbwa. He confirmed 
the diagnosis of charring in specimens collected from the roof above the 
furnace site, and also found traces of iron in the quartz and bone slag. 
At a later stage of the work more satisfactory materials were acquired 
during the digging, and these were handed over to Mr. R. H. Stevens, 
general manager of the Broken Hill Zinc and Copper Mines. Mr. Stevens 
and his staff have extended throughout our investigations enormous 
assistance to the Expedition by the provision of digging and sieving 
apparatus, and have taken the keenest interest in the progress of the 
work. He is a metailurgist of international reputation, and his report 
on the objects entrusted to him for analysis is therefore of the utmost 
importance. This statement is particularly valuable on account of the 
distinction which it emphasises between the ancient iron industry of the 
cavern and the modern iron industry practised by the living Bantu :— 

That iron had been produced from ores in the furnace room of the 
Mumbwa Cave is evidenced from the fact that fluxes, a very fine quality 
of crystallised haematite (an ore of iron), and slag were found hy the members 
of the Expedition, all of these materials having been examined by me. 

A sample of the iron ore showed by analysis an iron content of 68 per 
cent., the composition of the ore being disclosed as follows :— 


Haematite (Fe,O,) . 97-2 per cent. 


For reducing and fluxing purposes for preparing iron, charcoal, bone, 
and quartz were found in abundant quantities in the refuse dumps. _ It is 
clear that in so far as iron smelting is concerned the quartz was used 
only for fluxing purposes, because samples of the quartz assayed here 
yielded only a trace of gold. Such a supposition is further justified after 
having examined consolidated mixtures of the foregoing materials from 
the cave, such mixtures having served as the charges to the primitive 
mound type of furnace for producing iron. 
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To produce iron, particularly by such a primitive process as had been 
employed by these ancient metallurgists, it was necessary to use charcoal 
for reducing the iron from the ore, and also necessary to form slag from 
bone and quartz, such slag causing the droplets of iron to coalesce into 
masses, and also covering the molten iron to prevent it from burning to 
iron oxide from contact with the air. 

It is evident that the very earliest method of preparing iron was the 
one practised, because bone, a phosphate of lime, was used as the source 
of lime to form slag with the quartz. It is well known that this was the 
most ancient form of metallurgical practice for recovering iron. 

This is in sharp contrast with the relatively modern method of the 
Bantu for preparing iron. They smelt in shaft furnaces in ant-heaps, and 
in their practice the iron ore is mixed with charcoal, but no definite steps 
were taken to produce an abundant quantity of slag with fluxes. 

The results of the two processes are entirely different, the more ancient 
smelter-man producing a phosphoric iron as the result of using bone for 
fluxing, which gave an iron product that was readily cast into objects 
of ornament and with difficulty worked into articles of utility, whereas 
the iron made by the Bantu is very pure and malleable, and far more suit- 
able for being hammered into shape for weapons and tools. 


This report establishes two major facts. Firstly, that the manifesta- 
tion of metallurgical enterprise in iron—the Iron Age—in Southern Africa 
embraces at least two phases, separated in time and character, the earlier 
or primitive, precious metal, phosphoric, or bone-smelting phase; and 
the more recent, or charcoal-smelting, or utilitarian phase exhibited by 
the modern Bantu. There may be intercalated between these two an 
intermediate phase—not of production but of contacts between the Bush 
people and iron manufacturers from outside, as we will attempt to show 
later. Secondly, the report, coupled with the data soon to be related, 
proves that this most primitive phosphoric iron culture was carried out 
in Bushman times at the dawn of the Late Stone Age in Southern Africa. 
We believe that the coming of these metal-workers provoked the Late Stone 
Age in Southern Africa. 

The stone-like hardness of the ash and other furnace refuse at Mumbwa 
was another difficulty with us during the excavation, which we laid before 
Mr. Stevens. Like many another knotty problem, when the explanation 
lies before us it is really extremely simple. The ancient smelters, through 
the type of flux they were using, produced unintentionally a type of cement. 
Mr. Stevens’ report on this matter is as follows :— 


In ordinary iron smelting a calcium silicate slag is formed which con- 
tains about 45 per cent. lime. Such a slag usually contains from 10 to 
15 per cent. alumina from the ore and fluxes, and the silica content is usually 
25 per cent. This slag on cooling does not “ fall,” but when ground up 
finely can often be used as a cement. , 

In iron refining phosphorus is usually removed by melting the iron 
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in a basic-lined furnace (lime and/or magnesia), and iron ore is added to 
the charge as well as some silica. By this means the phosphorus enters 
the slag, which is termed *‘ Thomas” slag. On fine grinding, this slag is 
useful as a fertiliser on account of its phosphorus content. 

In rare-metal metallurgy a calcium silicate slag, containing as high as 
60 per cent. CaO, is made. This slag looks like any ordinary slag when 
hot, but on cooling it “ falls *’ to an ash, and is called a ** falling ”’ slag. 

When this ash becomes wet from moisture it sets like concrete. 

It is likely that a * falling * type of slag was produced in the Mumbwa 
Caves, a type that would enable all prills of iron to be picked out from 
the ash, and would also become hardened into a concrete from rains after 
having been thrown away to waste. 

This would also explain the relative absence of “ non-falling slag” at 
Mumbwa. 


Having settled the question of what the cavern was used for, the 
subsequent excavation was designed to prove the relationship of the 
overlying quartz-laden strata, and in particular of the separating lamina 
(10) to the deeper strata. For this purpose the two pits mentioned above 
were excavated : one, the ‘ northern wall pit,” 6 feet deep and 6 feet from 
east to west, was carried northwards from the furnace to the northern 
cavern wall; the other “ central pit,” 4 feet east to west and 6 feet north 
to south, was carried downwards to the bed-rock of the cavern at the 
southern face of the excavated area. 

It was in this northern pit that a third tomb burial was discovered, 
but unfortunately the only human osseous fragment recovered was a piece 
of humerus. In both-pits it was found that the first foot or two of reddish 
clay underlying the line 10 bore implements of a strictly Moustierian 
character. Below this level for a depth of 7 to 10 feet the uniform red, 
compact clayish earth was sterile of bone or stone. Below this level, 7.e. 
approximately 19 feet from the cavern floor, the earth changed its appear- 
ance, being dark and friable, containing a certain amount of gritty soil, a 
considerable number of fine fragments of bone and some teeth, all heavily 
fossilised, and some crudely chipped and broken stones. There is no 
question but that 5-6-foot layer represents a very remote and seemingly 
continuous phase of human habitation, but we were not fortunate enough 
to secure remnants of this old palaeolithic people. 

All attempts at correlating strata in Southern Africa with those in 
Europe must be regarded as tentative in the highest degree, but a con- 
siderable amount of evidence has accumulated in Southern Africa which 
indicates a succession of pluvial and interpluvial periods in the continent. 
These may have kept pace with the glacial phenomena in Europe. 

The stratification in the Vaal at Bloemhof indicates (a) a heavy pluvial 
period, characterised by the Stellenbosch culture ; () a diminishing rainfall, 
characterised by the Fauresmith culture ; (c) an extended period of drought 
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and wind-blown sand ; (/) the amelioration of this phase with the return 
of the Smithfield culture. 

The stratification at Mumbwa indicates (a) a genial but possibly even 
a dry period, the bottom 6 feet characterised by a crude _ palaeolithic 
culture ; (5) a period, probably pluvial, leading to the deposit of at least 
7 feet of clayish mud, when the cavern was incapable of habitation ; (¢) a 
diminished rainfall, and the coming of a Moustierian culture ; (d) the con- 
tinuance of similar conditions, under which the metal-gatherers and the 
accompanying New Stone Age came ; and (e) the period of relative drought, 
and the 2-3-foot deposit of wind-blown sand that overlies the consolidated 
ash and furnace detritus. 

The outstanding difference between the two areas is that. at Mumbwa, 
occupation ceased in the old palaeolithic phase, but is continuous from the 
Moustierian phase onwards to the cessation of cavern life ; while at Bloem- 
hof, the Fauresmith (Moustierian) is separated from the Smithfield by an 
inclement phase. Conditions during that period were probably more genial 
in the low-lying Kafue area. 

Goodwin thinks * that it may be possible to date the Kalahari Desert 
and the westerly accumulated sand of the southernmost littoral as of 
post-Biih] date, say 7000-6000 B.c.” If this be the case, and it appears 
reasonable, the 10-foot clay deposit at Mumbwa and the lowest Vaal 
gravels may be Biihl Age deposits. This would indicate that the 10-foot 
quartz-laden region above the red clay covers a period of TOQQ0-6000 years. 
The furnace deposit may be regarded reasonably as at least 2000, and possibly 
4000 years B.C. 

It should be emphasised here that, although this is a limestone cavern, 
we did not encounter anywhere evidence of consolidation of this immense 
deposit of earth by lime percolation. There is a considerable amount of 
argillaceous material in the limestone, and it may well be that the leaching 
of this has contributed to the red earth deposit in the cavern. But the 
loss of lime from the rock, if it ever occurred, must have been at such a 
remote epoch as not to have played any real part in the formation of these 
late Quaternary Strata. 

If the inferences drawn are correct—and the correspondence between 
the Bloemhof and the Mumbwa deposits is extremely close—it is apparent 
that the Moustierian culture held sway in Southern Africa over an extremely 
brief geological period. That period is represented merely by a 2-17-foot 
depth of gravel in the lowest Vaal terrace (or river-bed) at Bloemhof, and 
by a 1-2-foot reddish clay deposit in the Mumbwa Cavern. Further. 
as I will proceed to show, whatever changes may have been wrought 
in the cultural life of the inhabitants by the advent of the Moustierian 
technique, the stil! older palaeolithic arts held such a strong place in 
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their affections and proved so useful to the later arrivals, practising 
stone techniques more advanced than the Moustierian, that the older 
palaeolithic accomplishments continued to flourish in a disguised but 
practical form. 

Africa, as previous writers have pointed out, is a remarkable country 
from the point of view of her conservatism, and in no department of her 
prehistory is her inherent capacity for conservation better illustrated than 
in this of the older palaeolithic stone culture. 

The objects found in association at Mumbwa are so heterogeneous and 
so opposed to orthodox expectations that the matters here to be related 
appeared to us at first sight to be fantastic and unreal, instead of being 
plain and sober facts. 


THE CULTURES. 
1. Old Stone Age. 


At a depth of approximately 17 feet from the surface the colour and 
consistency of the deposit changes from the overlying reddish compact 
clay to the underlying friable, sandy, loamy, blackish earth. This is 
not a gravel but is partially granular, seemingly due to the deposition of 
chemical substances in solution about nuclei of grit derived from the 
limestone. This black earth, in contrast with the sterile red clay, is highly 
charged with innumerable fine fragments of broken bone and with coarsely 
broken pieces of quartzites and quartz. 

Suspecting from these features another and lower human stratum of 
great antiquity, we isolated the remainder of the material which was 
uniform to bed-rock at 25 feet. From this material we recovered over 
200 diminutive pieces of bone, a score or more of larger fragments (2-3 
inches in length) which could have been serviceable as tools, a number 
of bones sufficiently complete to be recognisable as the astragali, carpals, 
metacarpals and metatarsals, and terminal phalanges, chiefly of buck, a 
number of single antelope teeth of various species, and the canine tooth 
of a carnivore, probably a lion. In this restricted material it was not 
possible to identify specific departures from the modern fauna of the 
Mumbwa locality. 

The misfortune, if such it should be termed, of our labour, was that no 
human bones were found in this stratum and the implements or chipped 
stones were very crude. They were none the less illuminating, as they 
included one-half of a water-worn quartz boulder, nine rostro-carinate 
forms of divergent size (1 in. <1 in. x1 in. to 4} in. x 2? in. x53 in.), three 
in quartz and six in quartzite; three rough coups-de-poing, the largest 
of which was 3} in. x 2} in. x 2 in., two in quartzite and one in quartz, and 
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finally one semi-coup-de-poing in quartz (see fig. 10, No. 3). These were 
accompanied by a considerable number of still cruder rocks and chips of 
quartzite and quartz. 

The work in the quartz is sufficiently accurate to demonstrate that the 
labourers were capable of excellent handicraft, so that it was disappointing 
not to secure better evidence of their skill. The roughness of the pieces 
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*Fic. 8.—Acheulian type of quartz coup- Fic. 9.—Large semicircular (quartz) 
de-poing found in the furnace stratum at detaching hammer, or semi-coup-de- 
Mumbwa, displaying the old palaeolithic poing from the furnace stratum, 
core technique. ' displaying the old palaeolithic core 

technique. 


recovered has an interesting parallel in the coarse and grotesque imple- 
ments of similar type that are found in great quantity at the open site of 
manufacture of old palaeolithic implements in manganese ore (psilomelane) 
at the Chowa manganese deposit, 8 miles from Broken Hill. In fact, we 
should almost have hesitated to call these pieces from great depth at 
Mumbwa “implements” if it were not for two other reasons: firstly, as 
above mentioned, because of the Chowa deposit; and secondly, because 


* All implement diagrams in this paper have been reduced to } natural size. 
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the same complex of coup-de-poing, rostro-carinate and semi-coup-de-poing 
bursts forth at Mumbwa in the upper quartz cultures in a fashion to be 
described later in this paper. In brief, the occurrence of these instru- 
mental types is not an isolated phenomenon. The interposition of the 


Fic. 10. Fie. 11. 
1. Semi-coup-de-poing from furnace stratum 1. Circular form of Moustierian coup-de-poing 
(quartz). found in the Moustierian stratum (heavily 
2. Semi-coup-de-poing from Moustierian stra- patinated chert). 
tum (ironstone). 2. Smaller type of coup-de-poing (or scraper) 
3. Semi-coup-de-poing from 19-25 foot stratum exhibiting Moustierian technique (indurated 
(quartz). shale) from Moustierian stratum. 
3. Diminutive coup-de-poing (or scraper) in 
chert from Moustierian stratum. : 


sterile red clay stratum does not necessarily symbolise the destruction of 
the unknown physical human type that practised this uncouth technique. 

Whether it is possible to correlate this crude industry with the Stellen- 
bosch of South Africa is a subject for future determination. It is certainly 
infinitely more coarse, and it can be simply termed for the present old 
palaeolithic. 
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2. Moustierian Stratum (see Photograph 6). 


The next evidence of implement manufacture comes from the superficial 
one or two feet of the redclay. The fundamental character of the technique 
has suffered a revolutionary change. It is no longer based on a crude 
core, but on the large trimmed flake and the small prepared core. It is 


Fie. 12. 


1. Coup-de-poing or boring tool or chisel 
(quartz) from the furnace stratum, to illus- 
trate the Moustierian technique. 

2. Semicircular scraper (indurated — shale) 
from the Moustierian stratum for com- 
parison. 


1 and 2. Side-scrapers (indurated shale) "of 
Moustierian (Fauresmith) type found inthe 
Moustierian stratum. Note the concavo- 
convex form of the flake utilised in con- 
structing the implements. 


Moustierian in type and finds very close relationship in the Fauresmith of 
South Africa. 

Implements of this type are illustrated in figs. 11-15 inclusive, and in 
Photograph 6. They cover the whole gamut of known South African 
Moustierian types, such as round stones, detaching hammers, coups-de-poing, 
side-scrapers, semicircular, almost circular and concavo-convex scrapers, 
coarse and hooked scrapers, and untrimmed flakes. 


age = 
398 
‘ 
AS LENG 
f 


The Ancient Iron-smelting Cavern at Mumbwa. 399 


These begin to occur in fair abundance about a foot under the line 10. 
But they do not cease here. Occasional implements of this character 
wrought in the same type of material are found intermingled with the 
quartz cultures above the line 10. The characteristic medium of the cul- 
ture is indurated shale, but implements were also fashioned in a ferruginous 


Fig. 14. Fie. 15. 

1 and 2. Semicircular (ferruginous quartz) and 1-2. Crudely fashioned points (ferruginous 
beaked (indurated shale) scrapers found in quartzite) from the Moustierian stratum. 
the sub-furnace stratum for comparison with 3. The only almond (or Fauresmith) form 
(Fauresmith) Moustierian handicraft. of coup-de-poing (quartzite) found at 


Mumbwea, in the furnace stratum. 


quartzite, in ironstones, and also occasionally in quartz. The shale, 
quartzite, and ironstone implements are deeply patinated (,; in. to } in., 
and in the case of some of the materials used the entire stone is now on the 
verge of disintegration), the patina diminishing in the more superficial ones. 
There is therefore evidence from stratification and patination that when 
the great change took place locally at the point symbolised by line 10, it 
happened long ago; but the earlier Moustierian type of culture did not 
immediately vanish. 
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An even more peculiar and important phenomenon is the fact that 
throughout the quartz culture Moustierian influences are present, these 
manifesting themselves in their greatest richness in the quartz, quartzite, 
and shale material of line 10, and the lowest or “‘ sub-ash”’ stratum D. In 
the wealth of material provided by the fractured quartz, necessitated by 
the ‘“ phosphoric-iron industry,” the labourers appear not only to have 
fashioned all the types previously worked in shale and quartzite, but also 
to have reverted occasionally to almost circular (4 in. x3} in. x2 in.) 
coups-de-poing of an old pelaeolithic character—four such were found, two 
in quartz, one in chert, and one in iron ore—genuine Stellenbosch 
(Acheulian) structures of ovoid form (see fig. 8). But the most curious 
reversion, if such it may be called, to palaeolithic tendencies is the resuscita- 
tion of the rostro-carinate implement, to which we will refer later, and which 
is found throughout the whole of the quartz deposit. The large coups-de- 
poing are found only at the base ; the smaller types, in the guise of circular 
detaching hammers or semicircular detaching hammers (see fig. 9), are 
found indiscriminately throughout the quartz culture deposit. 

Because of this merging of influences and the actual presence of restricted 
numbers of true Moustierian implements in the strata above the line 10, 
there can be no question but that when the people came—who used quartz 
in great quantities, 7.e. the smelters—they arrived in a Moustierian com- 
munity which had not yet been released from the trammels of Acheulian 
influences. Nor did their arrival immediately change the already mixed 
cultural character of the community. On the contrary, while introducing 
the new elements, the visitors suffered and made use of the mixed stone 
art already in vogue, bending it to their own purposes and leaving their 
own marks indelibly upon it, but not to its complete detriment, nor the 
loss of the indigenous Moustierian and even more ancient palaeolithic 
workmanship. 

The undiluted Moustierian handicraft is best witnessed under the 
line 10, in the graceful cowp-de-poing, which is of small and almost circular 
shape, varying from 64x 25 mm. to 408 mm. in diameter and thickness 
respectively (see figs. 11 and 12). The Mumbwa coup-de-poing is thus not 
only different in shape but absolutely far smaller even than the reduced 
almond coups-de-poing of the Fauresmith culture (see fig. 11, No.1). They 
are exquisitely made from a large flake type of core being worked over 
almost the whole aspect of both surfaces, the implement being left with a 
beautiful residual wave-line cutting edge around its entire periphery. 
Sometimes, however, the butt was only partially worked (see fig. 11, No. 2), 
or when the original cleavage surfaces were happy ones the secondary 
flaking was restricted to the edges (fig. 12, Nos. 1 and 2). When the 
coup-de-poing becomes so small it becomes difficult to separate it from a 
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circular scraper. Indeed, we have one perfect oval form (43 x 28 x 13 mm.) 
executed in chert, dressed over the whole of one face and slightly trimmed 
around the edges of the cleavage surface. This together with the small 
varieties figured seem only to have been useful as scrapers. (Fig. 12, No. 2) 
illustrates a true semicircular scraper in indurated shale. 

Only one almond or, more accurately speaking, lanceolate coup-de- 
poing was found—and that in the furnace stratum. Its dimensions 
are 63 35x20 mm.; it is worked over both surfaces, having a perfectly 
rounded butt and is executed in hard quartzite. It is absolutely smaller 
than the smallest known Fauresmith coup-de-poing, but the ratio of its 
dimensions approximates the ratio in the Fauresmith material. This 
specimen forms a link to the scarcely smaller lance-heads in quartz that 
are found throughout the quartz or Late Stone Age strata (see fig. 15, No. 3). 

There is, however, a third type of implement in this class for which 
we can suggest no better name than that already used, namely, the half- 
or semi-coup-de-poing. Our attention was first directed to it by the oceur- 
rence in the quartz strata of numerous semi-ovoids with a flat base trimmed 
on both sides and having the typical undulant edge of a coup-de-poing 
(see text-fig. 9). They could also be described as semicircular detaching 
hammers, but they look like coups-de-poing cut across the middle. We 
regard many of these in the quartz culture as being used like chisels to 
direct the point of impact of the blow given on their inverted base by a 
crude hammering stone. In support of this supposition, we have found 
numerous chipped and discarded types that had served their day. They 
are usually small, 40x 3020 mm., but may be a half or twice that size. 
their shape adapting them for being held conveniently between the thumb 
and forefinger of the supporting, as opposed to the striking, hand. 

The ancestor of this implement appears to be the true semi-coup-de- 
poing, and for the purpose of illustrating the two together fig. 10 has been 
prepared. Specimen No. 1 comes from the furnace stratum. The central 
specimen (No. 2), executed in ferruginous quartzite, was found below the 
quartz-culture, the third specimen in quartz is derived from the oldest 
stratum in the cavern. The semi-coup-de-poing was unquestionably a 
studied type of artefact, because it is found in all these strata, and because 
amongst the crude palaeolithic implements found by the Expedition on 
the site of the Chowa manganese deposit, the same form of coup-de-poing 
recurred constantly at this open site, in Brobdingnagian sizes. 

Amongst the Moustierian implements of the crude sort at Mumbwa 
there are numerous detaching hammers and round stones of various 
weights. The latter are usually selected water-worn boulders, but others 
have attained their rude form by sheer use. There are also numerous 
sharp flakes of ill-considered form which might reasonably have served 
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as tools; but the most interesting of the flaked implements, as they serve 
to illustrate the relationships of the Mumbwa Moustierian industry, are 
the scrapers figured (see figs. 12, 15, and 14). The side-scrapers and the 
semicircular scrapers are indistinguishable from the Fauresmith types. 
As in the Fauresmith industry we find here also the striving after the 
concavo-convex pattern; but there was no slavish insistence on that type, 
for almost circular or ovoid types were used. Points were singularly 
lacking, but roughly worked flakes that approximate a lance-head form 
are shown in fig. 15, together with the lanceolate cowp-de-poing. 

These then are the documents which prove the inhabitation of the 
cavern by a race conversant with Acheulian methods, but skilled in the 
Moustierian technique, towards the close of that period, in which the 
cavern had accumulated a floor thickness of 7 feet of a sterile red clay 
earth. They occupied the cave apparently for only a short period—say 
a couple of thousand years—because the compact earth, within which these 
implements are found pure, varies from a foot to 2 feet in thickness under 
the line 10. Then the metal-gatherers came. These people came under 
weather conditions similar to those the Moustierian folk had been enjoying ; 
because the furnace site and strata are in the same type of red clay, though 
not quite so dense and consolidated. The more superficial strata on the 
contrary are composed of loose and friable earth composed of wind-blown 
dust. 

It seems certain that the 7-foot deposit of red clay was deposited during 
a wet or pluvial period. It is true that it contains no fossils, but we consider 
it to have formed as a muddy backwash from the Kafue flats. Then as 
the climate ameliorated, the cave was rendered habitable. The date 
suggested by Goodwin (see above) might well correspond with the beginning 
of the favourable conditions under which the Moustierian folk entered the 
Mumbwa Cavern. Their advent, however, may have been slightly later. 
In any case, about 2000 years after their occurrence, the metal-gatherers 
arrived. Their furnace bed is confluent with line 10 and the emergence 
of a new stone technjque founded on the quartz. Either the metal- 
gatherers instructed the local inhabitants in that technique, or brought 
with them followers expert in that technique. They came to a Moustierian 
Mumbwa; they founded their metallic enterprise amidst an old palaeo- 
lithic culture. The backward inhabitants continued their palaeolithic 
practices in the relatively novel material of quartz, which the smelters 
required for their fluxing; but they also occasionally continued their 
chipping of shale, chert, and ferruginous quartzite. 

Now one of the surprising experiences which have confronted archae- 
ologists in South Africa has been the finding of couwps-de-poing, lance- 
heads, and iron bangles or rings in close association at Ezulweni, 
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Swaziland Tin Mines, by the mining engineer Mr. Pote. Of this occurrence 
Mr. Goodwin (op. cit.) says: ‘* The idea that the iron bangles are of a date 
contemporaneous with the implements (of indurated shale, not flint) must, 
of course, be discarded as impossible.” He suggested that some pheno- 
menon of erosion and redeposition would elucidate the riddle, but Mr. 
F. H. Dutton, in replying to this suggestion, objected and stated that 
“it seems certain that the rings were not buried in a deep hole, and that 
they were in man’s possession before that great mass 25 feet deep (of tin- 
bearing gravel) was deposited there.” 

This amazing association, amply attested by two independent observers 
at Ezulweni, is paralleled by our finding ovoid bouchers in the actual 
furnace stratum at Mumbwa, by the direct superimposition of an iron- 
smelting furnace upon a Moustierian deposit, and by the veritable clash 
of advanced and primitive cultures found in the picture as a whole. As 
a matter of fact it is a phenomenon whose precise counterpart has been 
witnessed in modern times in every part of the world, where European 
metal-getting has been prosecuted amongst backward peoples. The 
observations confirmed at Ezulweni and at Mumbwa now become of the 
greatest importance in indicating the great span of time that has elapsed 
since the first metallurgical activities were initiated in Southern Africa. 

Professor Dart had occasion several years ago, in his article ‘‘ On the 
Succession of Cultural Impacts in Southern Africa” in Nature (March 
1925), to describe the scene of the rape of a naked Bush girl by clothed 
foreigners wearing Babylonio-Phrygian headgear. This picture was dis- 
covered by Bro. Otto of Marianhill Monastery amongst the Bushman 
paintings in the Kei River Valley. One of the features to which he drew 
attention was that, whereas the foreigners were armed with sword and 
bow, the unfortunate Bushman had no weapons other than a stone. He 
pointed out at the time that the painting indicated how the Bush people 
learned the use of the bow, which now characterises their culture, from 
foreigners. 

The evidence of that picture is supported by the excavations at Mumbwa. 
We will point out later that the osseous remains found in the strata down 
to and including stratum E are fundamentally those of Bushmen. The 
small coups-de-poing and the implements of stratum E are apparently the 
work of Bush people. It was amongst these people that the foreigners, 
here as in the Kei Valley, introduced a knowledge of clothing, new weapons, 
refined implements in quartz and metallic substances. 

These associations of ancient and recent stone cultures with metal- 
gatherers are not unique. A similar mixture of “ Middle Stone Age” 
and Stellenbosch implements has been recorded by the late Dr. P. A. 
Wagner and Mr. Hugh 8. Gordon in the vicinity of the ancient bronze 


~ 
: - 
th 
4 
“gs 
4 
2 
7 
rt 
a3 
I 
" 


404 Transactions of the Royal Society of South Africa. 


smelters at Rooiberg in the Transvaal (S.A. Journ. of Science, vol. xxvi, 
1929), and George L. Walker, in his article on ‘“‘ Ancient Copper Mining 
and Smelting in Central Africa ” (Engineering and Mining Journal Press, 
21st November 1925), figures a similar mixture of cultures discovered by 
the geologist F. E. Studt in the ancient workings of Katanga. These 
specimens are now in the Terveuren Museum, Brussels. 

The admixture of Moustierian and Late Stone Age influences, which 
characterises the Glen Grey, Still Bay, and the Smithfield cultures, and 
indeed the whole of the recent Stone Age complex in South Africa, is well 
known. That very mixture of “lements serves to differentiate the recent 
Stone Age in South Africa from the recent Stone Age of Europe, and has 
led to the invention of a peculiar terminology to describe its phases. The 
deposit at Mumbwa throws a vivid light upon the factors that lie at the 
base of that admixture. In conjunction with the Kei River pictures, the 
Rooiberg association and the Katanga and Ezulweni deposits at Mumbwa 
show that these cultures have owed their birth amidst a _palaeolithic 
environment to the earliest metallurgists in South Africa, and are to be 
dated by the earliest advent of these traffickers in the sub-continent. 


3. Recent Stone Age (see Photograph 7, Plate XXXII). 


The quartz implements found in the furnace stratum D and the more 
superficial layers of the deposit comprise every instrumental type that 
is known in the so-called Middle and Late Stone Age cultures of South 
Africa. The wealth and variety of implement forms present is striking. 

Fig. 16 portrays a series of implements entirely similar to the “ detach- 
ing hammers ”’ figured by Lowe as characteristic of the Smithfield industry. 
They are generally very symmetrically chipped. Some of them (e.g. fig. 
16, No. 4, and ef. fig. 12, No. 1) are lenticular in section and so closely 
simulate the circular coups-de-poing of the Mumbwa Moustierian type 
(already discussed) that they could with complete fairness be described as 
such. Others are completely trimmed on both sides, except at the butt. 
The most interesting feature of these artefacts, however, is their occurrence 
in all sizes (see fig. 16, No. 2) down to very minute forms under 20 mm. 
in their greatest diameter (see fig. 16, No. 3). Such diminutive objects 
would appear to be worthless as detaching hammers. Their form and 
finish seem to show that they were shaped with great care. The flakes 
struck from these objects in their formation (especially the small ones) 
do not appear to have been calculated for their intrinsic value, so that 
one is reduced to the conclusion that the circular objects were in them- 
selves implements. Their use, other than as sling-stones, or possibly as 
objects of aesthetic value is not apparent, but some semicircular types of 
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intermediate size seem to have served as chisels in breaking and flaking the 
quartz (as already mentioned), and as boring tools. Fig. 17 illustrates quartz 
trimming stones of precisely the same fashion as those found by Lowe in 
the Smithfield culture sites. Two different sizes have been depicted. 
Fig. 18 exhibits a series of ‘‘ end-scrapers ”’ of the duck-bill type. These 


Fic. 16. 
1. Quartz detaching hammer from furnace Trimming stones (quartz) from pure 
stratum. stone culture and furnace stratum 
2. Sling-stone form of quartz implements respectively for comparison with simi- 
from the same stratum. lar implements in the Smithfield in- 
3. A quartz “ chisel’ from same stratum. dustry of South Africa. 
4. Another coup-de-poing type of chisel or . 


boring tool (quartz) from same stratum. 


forms are relatively rare as the quartz did not lend itself as happily as 
the Smithfield lydianite to the production of this type of scraper. They 
range in size considerably from 1} inches in length down to thumb-nail 
dimensions. During the earlier phases of our work tremendous care was 
exercised to identify, if possible, some gradation of enterprise in the quartz 
strata—a labour that was attended with the greatest disappointment, as 
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no fundamental difference could be detected between the implements 
found at the furnace stratum and those in the surface stratum, so we 
desisted from the fruitless work. 

| Fig. 19 presents a range of “ scrapers ” of circular, oval, and triangular 
Bg 2 form, which approach in the closest manner imaginable the circular and 
concavo-convex scrapers of the Smithfield industry, although some differ 


Fic. 18.—An assortment of fifteen Fia. 19.—1-4. An assemblage of scrapers, vary- 
end-scrapers found indiscrimin- ing between the semicircular end and beaked 
ately in all the late Stone Age varieties, all fabricated in quartz and reminis- 
strata. Material usually quartz, cent of the Smithfield concavo-convex forms. 
but occasionally chert (e.g. 4). Types found in all late Stone Age strata. 


in being trimmed on both sides in Moustierian fashion. In addition to 
these there are numerous side-scrapers (fig. 20), the trimming being usually 
‘ confined to one side of the flakes. To these are added the widest possible 
variety of “ notched scrapers ” (fig. 21) in every range of size, for the pre- 
paration presumably of implements in wood and bone. A special group 
of these notched scrapers is composed by those (fig. 22) which are also 
provided with exquisitely prepared points for piercing or boring objects 
of use or adornment, which were found in sufficiently close relationship to 
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one another to have been the work of one craftsman or one (post-furnace) 
period. 

One stone-boring implement (in iron ore) was found in the furnace 
stratum, and portions of five broken specimens of the “’kwe™’ or “ Bushman 
digging-stone ” were recovered (see fig. 23) at various levels even in the 
furnace stratum, and all executed in iron ore. One grooved stone was 
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Fic. 20.—1-4. Quartz side-scrapers found in Fie. 21.—1-4. Quartz notched scrapers found 


all quartz (recent palaeolithic) strata and in all quartz (recent palaeolithic) strata, 
recalling Moustierian technique in in- for comparison with the Smithfield notched 
durated shale of Moustierian stratum. scrapers. 

Compare also with Smithfield side- 

scrapers. 


unearthed from the stratum A, and numerous smooth stones of soft material 
such as sandstone were encountered through all strata down to and including 
the furnace stratum, such as would have served admirably for braying skins 
or sharpening bone points. Round stones in quartz are frequent objects 
throughout, and occasional smooth semi-conical stones in ironstone are 
found, such as would have served for grinding pigments or ore. 

Finally, numerous stone hammers, worn by use and of the same character 
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as those recovered at the sites of ancient mines in Rhodesia and the Trans- 
vaal, are found in abundance at all these levels. 

A considerable assortment of ornaments in bone and shell, together 
with points—such as presumably were utilised in their fabrication—were 
forthcoming mainly from the pure stone region culture region overlying 


Fic. 22. 

1-3. A series of notched scrapers pro- 
vided also with a perforated point. 
All of these came from pure stone cul- 
ture stratum superficial to the furnace 
stratum, and may have been the work 
of one craftsman. 


Fia. 23. 


1. or ‘‘ Bushman” digging stone 
from the furnace stratum (haematite). 

2. Boring implement (haematite or heavy 
ferruginous quartzite) also found in furnace 
stratum. 


the ash stratum. The shell (mussel) was usually simply pierced with one 
or two holes, but beads made from nacre as well as those made from bone, 
and possibly also ostrich shell, were also found in a wide variety of sizes. 
Two curious cylinders of bone carved from the long bone of some mammal 
were ground down at either end to form ornaments or musical instruments. 
The petrous part of the temporal bone of mammals seems to have attracted 
particular attention, for a large quantity of them were found isolated and 
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in such sectioned and carved condition that it was evident their natural 
apertures, or these artifically enlarged, served for their suspension by a 
cord. Bone pendants definitely bored were also found in considerable 
number and variety. Other pieces of carved or fluted and hollowed bone 
were also apparently decorative (see fig. 24). Numerous fragments of cut 
and smoothed bone were found, but it was difficult to ascertain their 


Fic. 24. 


1 and 5. Carved and bored petrous temporal bones. 2-4. Quartz boring tools. 
6. Carved cylinder of bone or pigment tube ? 7. Carved bone ring. 
8-10. Bored shells. 11. Carved and bored bone ornament. 12. Nacre bead. 
13. Series of beads to show variation in size and aperture—fashioned from bone 
and ostrich shell. 14-18. Bone pendants. 


precise significance, their mixture with pounded, broken, and charred bone 
utilised in the smelting and the curious effects wrought in the bone by 
termites, rodents, and other pests in this region renders their safe recovery 
and their interpretation when found difficult. Some of the fragments look 
like needles and arrow- or lance-heads. It may be noted here that all 
these objects find their nearest cultural relationships with the Smithfield 
and Wilton industries. 
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Fig. 25. 
1-4. Quartz lance-heads, types found in all quartz (recent palaeolithic) strata for com- 
parison with Pietersburg and Weenen types illustrated by Goodwin. Facetting of 
4 butts illustrated below each specimen. 


1-3. Small lance-heads. ; 4-6. High-backed points. 
7-9. Implements selected from all four late Stone Age strata. 
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This is far from representing a complete inventory of the industrial 

types found in the Mumbwa Cavern. Alongside the foregoing is an extra- 

ordinarily wide assortment of lance-heads, points, and crescents in quartz. 

Fig. 25 depicts four lance-heads, one of which is trimmed only on one 

side and presents a coarsely facetted butt. The other three are completely 
Fic. 27. Fic. 28. 

1-4. Types illustrating the wide diver- 1-4 and 8. Crescents of various form and cali! re 
sity in arrow-head form found in the made chiefly of quartz, but also of chert aad 
quartz (recent palaeolithic) strata carnelian. 5-7. Small arrow-heads. 9-10. 
at Mumbwa. Types found at all Arrow-heads of larger size. Crescents are 
levels, but more frequent above ash foundin all quartz (recent palaeolithic) 
stratum. strata. Small arrow-heads are more com- 

mon in the two superficial strata, but can- 
not be said to be confined to these strata. 


worked over both faces and have their butts carefully rounded. They 

seem to be identical in character with the “lance-heads of Pietersburg 

type” (or Middle Stone Age) described and figured by Goodwin (op. cit.). 

Such Solutrean types nevertheless occur also in the Smithfield industry. 
Fig. 26 illustrates further small lance- or arrow-heads, worked on one 

face only, and also (central row) three small points with elevated back 
VOL. XIX, PART IV. 29 
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ridge. Figs. 27 and 28 show a bizarre collection of small arrow-heads 
and crescents also found at all levels throughout the Late Stone Age deposit. 
To my knowledge, the nearest approach to the variety of form and character 
of workmanship displayed in these smaller piercing instruments is that 
presented in the Howieson’s Poort Cave material, excavated by Mr. J. 
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|. Typical rostro-carinate implement. in 
quartz. 

. Rostro-carinate form (quartz) interme- 
diate type. 

Rostro-carinate form (quartz) modified 
to form a lever or planing tool. 


. 30. 
Points and cutting edges developed from a 
rostro-carinate ancestry. 
1. Snubbed multi-facetted point anteriorly. 
2. Vertical anterior cutting edge. 
3. Set-back vertical anterior cutting edge. All 
implements in quartz. 


Hewitt and Rev. P. Stapleton, which is also classified in the Middle Stone 
Age period by Goodwin and Lowe. At Mumbwa the crescents like the 


arrow-heads vary widely in dimensions, calibre, and form. 

Thus far traditional implements have been discussed, but there are 
certain other objects encountered here that differ from what one anticipates 
meeting, even in a mixed Middle and Late Stone Age culture. We refer in 
particular to those implements depicted in figs. 29 to 32 inclusive. 
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Fig. 29, No. 1, illustrates an implement of rostro-carinate form which 
occurs frequently and in various sizes in the deposit. The objective in 
making this tool seems to have been the point with which it is provided 
at the anterior end. Fig. 29, No. 2, is another implement of similar 
character, but is transitional in type between No. 1 and No. 3. In the 


Lalerai Anlerior Posterior 


Fic. 31.—1-5. Various modifications in size Fig. 32.—Further developments of the rostro- 
and form and in edge and point of the carinate tool. 
rostro-carinate burin. Allimplements are in 1. Combination tool with lever (or chisel) 


quartz and found in all strata of Late Stone edge at anterior end and snub point super- 


Age. iorly. 2-3. Two different forms of snub point. 


last mentioned the point is replaced by a fluted surface, secured by three 
well-directed flakes, which provides, instead of a point, a leverage surface. 
To render this leverage surface effective the base is not a simple plane 
surface as in No. 1, but has been broken into two planes which meet at a 
wide angle. Such an implement may also have served as a planing tool. 
Numerous methods were utilised in the industry for arriving at a 
point or cutting edge. Points of various delicate types have been illus- 
trated in figs. 22, 24, 26, and 27. We now come to a series of different 
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character. In the first place, there is a snub-like multi-facetted point 
developed at the end of a rostro-carinate tool (fig. 30, No. 1), and a vertical 
edge produced at the same end of a similar tool (fig. 30, No. 2). Cut-back 
vertical edges of various types are illustrated in fig. 30, No. 3, and in all 
of the pieces found in fig. 31, the whole of which appear to be evolved from 
the same fundamental rostro-carinate 
form of tool. These appear to be 
the graving-tools or burins of the 
industry. 

Fig. 32 provides a useful commen- 
tary on the foregoing implements. 
In No. 1 we find a combination tool 
consisting of lever and snub point, 
very carefully and artistically worked. 
No. 2 illustrates a rostro-carinate in 
which the snub point is worked so as 
to face upwards and not downwards. 
Finally, No. 3 is an implement of the 
true lever form provided with an up- 
turned snub point. 

Peculiar types of implement crop 
up amidst the material. Two of these 
are illustrated in fig. 33. No.1 looks 
like an excavated or concavo-convex 
coup-de-poing, while No. 2 is a non- 
descript worked on both sides from a 
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2 quartz square into a bulb-like ham- 
: - mer at one corner and a point at 
Fic. 33.—Abnormally fashioned im- 
plements in quartz. the other. The occurrence of these 
1. A concavo-convex coup-de-poing. various rostro-carinate forms is of 


ae combination tool consisting of ham- considerable interest in view of the 
mer and point. 

' striking series of pseudo-burins found 
by Rev. Neville Jones at Hope Fountain. The persistence of this technique 
in quartz at Mumbwa is probably due to the crystallisation of those cultural 
characteristics found in the more ancient industries (probably) of Hope 
Fountain, Victoria Falls, and elsewhere. (See 8.A. Journ. of Science, 1929.) 


4. Neolithic Objects. 


It is now generally recognised that there occur sporadically in Southern 
and Central Africa various polished celts. The polished stone implements, 
such as ’kwes, palettes, mullers, and grinding-stones, which are found in 
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the Smithfield and Wilton industries are usually not classified as neolithic, 
and the polished conical stones are usually not classified at all. But there 
can be no doubt that all of these objects are of a polished character and owe 
their existence to the same type of impulse as produced the polished celt. 
Hence the Smithfield and the Wilton industries, which display these 
neolithic practices, are no other than the bastard product of palaeolithic 
and neolithic fusions. 

(a) Polished Celts—The polished stones found at Mumbwa are of great 
importance, because the conditions under which they occur assist us in 
understanding how these hybrid cultures came into existence. 

A considerable number of smooth stones were encountered, round 
stones were of course found in quantity, grooved and rounded pieces of 
sandstone and of iron ore were comparatively frequent. It has already 
been mentioned that fragments of five different “kwes were picked up. 
Three other broken pieces of rounded ironstone certainly come from *kwes, 
but no portion of the borehole is apparent upon them. These all belong 
to broken ‘kwes, and there is every reason to believe that “kwes were 
fashioned here on the spot—one borer was found (see fig. 23)—the good ones 
were taken away and those left were the accidents of the craft or of use. 
In a little collection of smoothed material in front of us we find also eight 
little block-like pieces of ore, which appear to have been utilised in smoothing 
stone or hammering metal, and two pieces almost entirely rounded by the 
process. Large pieces of ore are also found with a smooth face. But most 
important of all the smoothed objects are three celts, one of which is rather 
crude, but the two others are of excellent workmanship. These are worthy 
of detailed description. 

The first or crude specimen is not unlike the oval celt from Piquet- 
berg, now in Stellenbosch University. It is oval in outline (4x3 in.), 
one edge has been sharpened to a blunted axe-like edge. In its upper 
thickened part it has a diameter of 2 inches, and the object appears to have 
been first roughly blocked out by chipping and then subjected to abrasion 
over the entire surface ; the work of polishing the whole surface was never 
properly completed, but the tool was used. 

The second specimen (fig. 34, No. 2) is a far more studied example, 
reminiscent of the Peddie Coast specimen, now in the South African 
Museum. It is 4 inches long, 24 inches broad, and 1} inches thick, and 
seems to have resulted from a happy piece of splitting in the original 
iron ore. But it has been smoothed down into a rounded, shapely oval, 
and the marks of the abrasion in its polishing and especially its sharpening 
are clearly marked on both faces running in an oblique direction antero- 
posteriorly along each face. From the chipping of its cutting edge it 
received a great deal of severe use. 
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But the most engaging and perfect of all three of these celts shaped 
out of iron ore and coming from the furnace stratum is the last, in which 
the workmanship arrived at a state of perfect symmetry (fig. 34, No. 1). 
Its exact measurements are 705233 mm., and the form of its body is 
precisely similar to that of the 
bellied-out haematite cylinder 
found in the conical stone, ex- 
cavated from a depth of 17 feet 
on the farm Langrang (1004) at 
Rustenburg in the Transvaal, and 
described by Professor Dart in 
the S.A. Journ. of Science for 
1929 in an article on “ Phallic 
Objects in Southern Africa.” But 
in this celt (see Photograph 6, 
centre of upper row) the upper 
third, instead of terminating in 
a blunt cone, comes to a knife- 
like edge a little over an inch 
long. Its oval and slightly 
rounded base is 1? inch long and 
1} inch broad. Originally it was 
polished over the entire base and 
surfaces, but the chipping it has 
suffered at both base and edge 
demonstrates that both aspects 
were freely used. There is no 
trace on any of the three Mumbwa 
celts of a hafting mechanism. In 


Inter sor 


Fic. 34.—Neolithic axe-heads (polished 
haematite) from furnace stratum. the last and perfect celt the 


1. Symmetrical swollen cylindrical form recall. Sharpening grinding was appar- 
ing conical object in haematite from a depth ently done by a motion at right 
of 17 feet on farm Langrang (1004), Rusten- : j 
burg, Transvaal. angles to the edge. 

2. Elongated ovoid form reminiscent of {the It is impossible to overesti- 
Peddie Coast specimen, now in South African ae , 
Museen. mate the significance of the dis- 


covery and the association of 
these three celts at Mumbwa. In the first place, it is the first occasion 
on which polished implements of this type have been found with 
other polished implements in a known stratification. But it is of even 
greater importance that both of them are found in an environment of 
ancient mining and smelting immediately superimposed on a Moustierian 
stratum. This shows that the metal-gatherers not only brought the arts 
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of fine-chipping in quartz and chert but also the accomplishment of stone- 
polishing and stone-boring to Southern Africa. Here may be recalled the 
statement of Rev. Neville Jones in his Stone Age in Rhodesia (p. 22): “ A 
few polished stone implements have been found in Rhodesia, but the only 
one about which I can obtain any information was found in an ancient 
working at Penhalonga.” It also links the metal-gatherers to the practice 
of the phallic stone cult. 

Other discoveries of polished celts in Southern and Central Africa are 
cited by Goodwin (loc. cit.) near Lake Victoria, in the Congo, Katanga, 
Northern Rhodesia, Southern Rhodesia, and from the Cape Province. 
The only known association other than that with ancient mining is that 
of Mr. Hewitt’s specimen from Grahamstown—and the environment is 
suggestive—in close propinquity to Wilton implements and cave paintings. 
There can be little doubt that these sporadic but widespread genuine celt 
occurrences reveal the tracks of the neolithic wanderers who ransacked 
the continent for metals, and who left these unmistakable trade-marks of 
their presence or their influence in their train. It is a further tribute to the 
antiquity of the iron-getting at Mumbwa that even the implements of the 
metal-smelters were in stone and not in copper or bronze, as one might 
reasonably have expected them to be. The same absence of metallic tools 
and presence of a superabundance of stone implements impressed Dr. 
Wagner at the Rooiberg bronze-smelting sites. 

In the memoir referred to above Goodwin says: “ Whether the idea 
behind the ground objects of the Smithfield industry and the palettes of 
the Wilton was taken over from the bearers of the neolithic elements by 
these folk; whether we can associate the ground chopping-edge with a 
living people, an early invasion of Bantu and Hottentot people ; whether 
the neolithic elements constitute a normal part of our prehistory or are 
merely sports thrown off in thé evolution of local industries, are all questions 
which must remain unanswered until such time as our prehistory is a 
known science rather than an inchoate feeling in the past.” 

It seems definite from the occurrences at Mumbwa that the idea behind 
ground objects in these two industries was borrowed, that the ground 
chopping-edge can be associated with a neolithic metal-garnering people, 
and that neolithic elements are a constituent part of our prehistory brought 
in from outside and not produced as sports by a local evolutionary cultural 
process. In this connection reference should also be made to the numerous 
neolithic types of incised circular and cup-and-ring decorations found by 
Dr. Cornelius Pijper on the diabase rocks in the ancient metal-gathering 
district of Lydenburg in the Transvaal and reported by him in the 8.A. 
Journ. of Science of 1919, and in the Transactions of the Royal Society of 
South Africa, 1921. 
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(b) Pottery Objects are found in great abundance in the first foot of the 
deposit, and at first we were under the impression that it was entirely 
restricted to that region (see Photograph 8). That region is unquestion- 
ably the part where it occurs in the greatest profusion and where it is most 
richly decorated. But subsequent excavation proved the very occasional 
occurrence of undecorated pottery, and even one decorated pot as low 
down as the furnace refuse. It therefore appears that pottery and the art 
of adorning it with designs were introduced along with the neolithic metal- 
gathering complex, and that whereas its use was not prevalent in Mumbwa 
at that period, it ultimately became a widespread attainment in the neigh- 
bourhood, probably as the result of a greater influx of foreigners of a different 
type at a much later date. 

(c) Specularite._-Another important occurrence which must not be over- 
looked is that there was found in all of the strata, including and over- 
lying the furnace, a considerable amount of specularite. This interesting 
iron ore, as is well known, is relatively worthless as a source of metallic 
iron, but it was treasured in ancient times amongst civilised peoples as a 
hair-powder and pigment. The material crumbles in the hand into a 
fine black glistening dust. This prized material was encountered rather 
frequently during the course of excavation in small and large nodules, 
especially in the lower strata, and its presence is particularly worthy of 
mention for two reasons. In the first place, its occurrence signifies that 
the metal-gatherers were interested also in cosmetics, for which they 
possessed a market. In the second place, as Major Trevor discovered— 
and I have mentioned the fact on several occasions when writing about 
the ancient mining industry—extensive ancient mines were exploited for 
this precious product in the Northern Transvaal in past ages. Like all 
the other mineral products: retrieved from the Mumbwa Cave, the specu- 
larite is foreign to the cave environment. It had a great value then, but 
it has an additional value now in linking the happenings in the Zambesi 
with those in the Limpopo watershed farther south ; and in demonstrating 
that if the ancient mining exploiters of the Transvaal were not the same 
people as the smelters of the Kafue Valley, they were at least of the same 
culture and supplied similar markets. Ancient mining was certainly 
carried out in Northern Rhodesia. Bwana, M‘Kubwa, and Kansanshi 
were the sites of ancient copper mines. Smith and Dale, in The Ila-speaking 
Peoples of Northern Rhodesia, state that ‘‘ Ancient workings, evidently for 
copper, have been found in the vicinity of the King Edward Mine, south- 
west of Lusaka,” and that ‘in the Batoka hills, 20 miles south of Kaunga 
and 3 miles east of Shamabuya, Mr. G. F. B. Handley found and photo- 
graphed a series of grooves in the solid granite rock; but there is no 
indication of what people worked them, nor of their purpose, whether for 
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grinding neoliths or for pulverising gold-bearing quartz.” They reproduce 
these fascinating pictures in their important book. There was an ancient 
mine for iron near Lusaka, the present site of the Star Zinc Mine, and we 
now know that the Chowa manganese deposit near Broken Hill was the 
scene of an extremely ancient mine. 

Goodwin (loc. cit.) thinks that the term “ neolithic ” should be limited 
“to industries showing at least three of the four elements. . . the polished 
celt, pottery, agriculture, and the domestication of animals, together with 
definite burial, the building of huts, a predilection for art, ete.” At 
Mumbwa we find polished celts, pottery, art in the embellishments of 
pottery, and definite stone tomb burial, and it is tolerably certain that no 
metallic enterprise existed without concomitant agriculture and domestica- 
tion of animals. But the clash of cultures in Southern Africa was such 
that we have—telescoped as it were into the last 6000 years—Moustierian, 
Late Stone Age, Neolithic, Copper, Bronze, and Iron Ages. The problem 
before us is not, as it once appeared, of securing a succession of these ages 
in the country, but rather that of isolating the influences resulting from - 
those ages in other countries and tracing how they singly and conjointly 
contributed to the archaeological confusion found in the sub-continent. 

Later Influences.—No pure iron or other metallic objects whatsoever, 
nor traces thereof, were found in the furnace stratum nor in the overlying 
pure stone culture. This might be explained by their having rusted away, 
as the lower strata of the cavern are damp, especially in the rainy season ; 
but the more likely explanation is that the metal obtained at that remote 
period and by this primitive process was too precious for any of it to be 
lost. From the depth of the bottom of the furnace stratum, the quartz- 
quartzite-sandstone, line 10 (10 feet below the centre of the Entrance D), 
it cannot be doubted that the smelting activities were initiated some four 
or five thousand years before habitation ceased in the cavern. (ireat 
blocks of fallen limestone overlie the refuse heaps at the entrances ; an 
accumulation attaining a depth of 3 feet of relatively fine soil, apparently 
wind-blown sand, overlies the top of the solidified ash and furnace refuse 
inside. But human habitation of the cavern also must have ceased hundreds 
of years ago. Termites had invaded its interior and blocked up the inner 
passage. The remains of porcupines and the kills of carnivorous beasts 
littered the floor. The Bantu are not a cave-dwelling folk, and in particular 
the local inhabitants view this cavern with superstitious dread. The Bantu 
are not known to have used quartz implements in Southern Africa, but in 
this cavern they are found right at the surface. It is tolerably certain 
that the use of this cavern as a place of human habitation ceased either 
before or at the time of the advent of the Bantu hoe-and-axe culture and 
full-blown agricultural livelihood towards the beginning of the Christian 
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era or shortly afterwards. We had occasion in building a hut between 
the two bluffs to trench the black earth there under the rank vegetation ; 
and at a depth of 12 to 15 inches we negotiated a thin stratum of quartz 
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Fie. 35.—Arrow-heads (iron). 


. Modern Ila arrow-head. Note the mid- 
rib as found in section 5. Note too the 
resultant diamond shape of sectional 
plane. 

2. Spiral shaft of arrow-head from. first 
stratum. 

. Plain shaft of arrow-head from first 
stratum. 

. Larger arrow-head from first stratum re- 
vealing the obverse of a mid-rib and the 
zigzag of the sectional plane 6. 


as 


flakes and fragments of pottery simi- 
lar to those found at the surface in 
the cave. 

It is important to emphasise 
these points because of the loose 
habit that has developed, with re- 
gard to South African archaeology, 
of dubbing every fragment of un- 
glazed pottery or ironwork as Bantu. 
There is now no justification for this 
practice in view of the facts : firstly, 
that the non-Bantu Wilton culture 
of the coastal Bushman embraces 
unglazed pottery whose inspiration 
may have arisen in pre-dynastic 
Egypt (see Laidler in §.A. Journ. 
of Science, 1929), and secondly, that 
the practice of ironwork is now 
proven to be of pre-Bantu intro- 
duction. Five pieces of iron were 
actually found in the surface layer 
accompanying the decorated pottery. 
These, from their malleability—one 
is spirally twisted, and they are all 
apparently arrow-heads—would seem 
to have been produced by a more 
modern or charcoal process of smelt- 
ing (see fig. 35). The occurrence of 
the spirally twisted shaft (fig. 35, 
No. 2) is of great importance, be- 
cause, as far as | am aware, the South 
African Bantu cannot do that work. 
To secure a jagged edge they cut 


their iron shafts with a chisel in the cold. 
The Ila arrow found in use at Mumbwa to-day, like the assegai, is 


characterised by its “‘ mongo” or midrib. The earlier arrow-head has no 
midrib. Its transverse section is therefore zigzag or twisted, and not a 


narrow diamond (see fig. 35). 


The common use of iron and pottery conceivably may, but does not 
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necessarily, signify Bantu contact. In the absence of other evidence both 
are, according to my opinion, more satisfactorily explained as contacts 
with a second race of experienced metal-gatherers with whom iron had 
become an object of general utility and cheapness rather than ornament. 
Possibly it was the presence of this second race of foreigners that evoked 
the Wilton or Later Capsian cultural phenomena that are exhibited by 
the southern coastal Bush people. 

Such an explanation of contacts between the Bush inhabitants of 
Southern Africa and foreign merchants would explain not only the casual 
occurrence of the few fragments of malleable iron arrow-heads in the 
superficial stratum of the Mumbwa Cave, but also the occasional occurrence 
in some ancient South African mines of similar iron arrow-heads. Two 
years ago I was privileged to study an arrow-head found in an ancient 
working near Messina in the Northern Transvaal. It was morphologically of 
the same type as these “ voluted forms from Mumbwa. _[t was examined 
metallurgically by Professor G. H. Stanley of the University of the Wit- 
watersrand, and was found to be an extremely pure example of iron, virtually 
a steel, produced apparently by the charcoal process. 

The Bantu are wielders of the assegai and axes, they are not typically 
users of the bow; the Bushmen are. Where in modern times the Bantu, 
so-called, fabricated arrow-heads—as, for example, in the upper half of the 
Zambesi watershed and in South-West Africa—the tribes are of an ex- 
tremely mixed character with a dominating admixture of Bushman blood, 
and certainly strongly impregnated with Semitic and other Caucasian as 
well as Mongolian blood. It is evident, therefore, that the greatest caution 
must be exercised in attributing metal objects, especially arrow-heads, 
indiscriminately to Bantu influence. 


THE SIGNIFICANCE OF THE CULTURE-ADMIXTURE AT MUMBWA. 


It is not pretended that the foregoing account includes all of the mani- 
festations of the cultural activities at Mumbwa. The elements described 
in this brief fashion merely represent those which attracted our attention 
during the labour of excavation and crude sorting preparatory to packing 
the material for those destinations in which it can be more carefully and 
systematically studied at leisure. The present account is, therefore, to 
be regarded as a preliminary communication setting forth the more patent 
and simple features of the stratification and the material for the assistance 
of subsequent workers in those centres to which it has been dispatched. 

At the same time it is possible, when the essential facts are known, 
to indicate their general significance. The material was carefully iso- 
lated at different levels throughout the strata for the specific purpose of 
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discovering whether there was not some fundamental difference between the 
quartz cultures at the different levels. If there is, it has entirely escaped 
our vigilance. Lance-heads were found near the surface, small arrow- 
heads and small crescents were found near the base. As finely worked 
material occurs, perhaps more rarely, at the base than at the surface ; 
but that rarity is probably due only to the fact that there is so much 
furnace litter of quartz and other material near the base of the culture. 
There is a tendency for the smaller implements, those of the Wilton type, 
to occur more frequently at the surface with the rich assortment of pottery 
and the twisted iron arrow-heads, but there is no sharp line of division. It 
may well be that Mumbwa, having received its culture and having been 
deserted by the metal-hunters for a tremendous period, was off the high- 
road of that late Capsian movement which concentrated later entirely on 
the pigmy tool and artistic manceuvres nearer the coast. In its heyday 
Mumbwa was a scene of business and not of art. 

We are confronted, then, by a uniform stone culture throughout these 
strata—a culture combining all the essential features of the Glen Grey, 
Still Bay, Smithfield, and even the Wilton industries. In palaeological 
terminology this industry at Mumbwa can be described as an ancestral 
culture—such a culture, of mixed Moustierian and Late Stone Age features, 
as could have given birth to all the distinguishing elements that characterise 
its bastard offspring farther south in the sub-continent. In utilising this 
terminology we do not intend to signify that these more southern industries 
sprang specifically from the Mumbwa culture, but we do mean that the 
bizarre super-imposition of a Late Stone Age and even neolithic metal- 
gathering culture upon an old palaeolithic South Africa—which it demon- 
strates—presents us with the key that was required for the unlocking of 
the mysterious complex presented by the recent Stone Age phenomena in 
South Africa. 

In doing so it emphasises the geological recency of the advent of these 
neo-anthropic cultures in South Africa. They were foreign to this soil ; 
they were brought here after their dominant features were evolved else- 
where. The site of their emergence is unknown, but presumably, from 
the Capsian affinities, it was somewhere along the Mediterranean littoral. 
Or else both the Mediterranean and South African littoral areas received 
their Capsian characteristics from some common Eastern Mediterranean 
or Mesopotamian centre. 

How did that highly evolved stone culture accompanying primitive 
smelting arrive in Southern Africa? Past writers have not hesitated to 
invoke for the explanation of Southern and Northern African homologies 
in prehistoric culture and art most amazing migrations of the human race, 
provided they occurred on land. Thus it has appeared rational to some 
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to say that the Hottentots and even the Bushmen migrated from Northern 
Africa, and even from Europe to Southern Africa. That is, of course, 
physically possible, but we require more than cultural similarities to prove 
it. In the absence of such confirmatory, land-migrational evidence—i.e. 
in the absence of the bones, the physical types—it is more logical to believe 
that the migration in question was the bringing to the local Southern 
Bushman of the new cultural elements by a relatively small group of skilled 
northern intruders and not the wholesale * wandering ” of the Bushman 
from some northern centre of origin to the south of the continent. The 
obvious channel for that cultural migration was the eastern coast-line, 
the sea and the water highways, such as, in this case, the Zambesi and 
the Kafue. 

These considerations lead us to the vaster questions whether the Capsian 
culture itself was the culture of a metal-gathering people, and if so, whether 
the metal-gatherers in Southern Africa were the same people ? or did the 
metal-gatherers make use of people in the Capsian state or culture for the 
training of the South African Bushmen in the crafts of metal-gathering ? 
A partial confirmation of the hypothesis of a water-borne cultural stream 
in respect of Mumbwa is found in the fact that water-products, such as 
shells, were in high repute as ornaments amongst the smelters—a tradition 
that is preserved to the present day in the sea-shell ornaments of the 
aristocracy of these parts. A further confirmation lies in the primitive 
watercraft of the Zambesi Valley and the boat ceremonials of the inhabi- 
tants. But the sourfdest reason of all is the indisputable fact that the 
neolithic culture-bringers throughout Europe were essentially a seafaring 
and river-navigating folk. The art of navigation had already been mastered 
by the Egyptians during the pre-dynastic period. Even in neolithic times 
the knowledge of adventurous sea-craftmanship in dugout canoes had 
become rapidly disseminated throughout Europe. Doubtless the same 
navigational mechanism extended at an equally early period all over the 
Indian Ocean highways extremely rapidly. Either the Zambesi natives 
invented the dugout canoe or the technique of building them was brought 
to the Zambesi by a neolithic people practising the art. 

Amongst the Ila-speaking peoples of the Kafue Valley (vide Smith and 
Dale) certain ancestral spirits are regarded with great reverence ; but “of 
all the figures in the Ila pantheon, the most elusive is the arch demi-god 
Bulongo. . . . He is the muzhimo of the whole country; there is no 
community that does not pray to him.” Of this personage it is related, 
** Bulongo also was a man and had his origin in the Sala country. . . . It 
is from the Sala country that the impande shell came, because when 
Bulongo’s people descended they brought the shells with them—shells 
and all kinds of wealth, such as bukolwe and mambulukutu, 2.e. large beads.” 
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Of this interesting culture hero and the rites associated with his veneration 
it is also reported that “the ancients simply found him here when they 
descended long long ago, and they sacrificed to him in blindness, because 
of what they had heard by the ears. The Ba-Ila found their fathers of 
long long ago doing this, so those who came after them did as they did, 
simply carrying on the tradition.” As Smith and Dale say, “ There is 
probably some truth in the tradition that he came from the Sala country ; 
he may have come with other emigrants from some country farther north 
and introduced the impande shells and other things mentioned above.” 
The cult of beads and shells pervades the entire southern half of Africa. 
Amongst the Hereros of South-West Africa “the attachment of a mussel- 
shell to the hair, so that it hangs over the forehead, . . . is the generally 
recognised distinctive sign of the Chief ’’ (H. Vedder, The Native Tribes of 
South-West Africa, Cape Town, Cape Times, Limited, 1928); and amongst 
the Ovambo * the omba,” which are identical with the impande, are much 
treasured shells, ““ ornaments only worn by the rich,” and appertaining 
to the chiefs and aristocracy (vide C. H. L. Hahn, op. cit.). The supreme 
spirit of the Ovambo is *‘ Kalunga Ka Nangombe, or the god of Nangombe, 
who came from the East; the corresponding personage amongst the Herero 
is Ndjambi Karunga.”’ Both Kalunga and Karunga appear to be related 
linguistically to Bulongo, the ancient culture-bearer to the Zambesi Valley. 


THE SKELETAL REMAINS. 


Interesting as the cultural objects found in the smelting cavern may be, 
the most precious documents of all are the osseous and dental fragments 
recovered. The cultural juxtapositions evidenced clearly enough that, 
during the neolithic period, an adventurous group of people were trafficking 
down the Eastern African Coast and up the great water-highway of the 
Zambesi River; that in those early days, several thousand years before 
Christ, iron was so precious that their own axes were of stone and that 
they and their labourers fabricated implements from quartz and bone ; 
and that in this environment the earliest metallurgical enterprise in Southern 
Africa was initiated. But an even more vital matter to the physical 
anthropologist in the study of the complex which now constitutes the 
African native races, is the understanding of the physical constitution 
of the indigenous population at the time when these momentous enter- 
prises were afoot. Although fragments of at least sixteen individuals 
have been recovered, they were retrieved only with great difficulty. It was 
a common experience to find only the outline of the calvaria—almost the 
entire inner table of the skull being eroded—and a few teeth, the remaining 
bones having entirely disappeared. Even the portions found were fractured 
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with the greatest facility, and reconstruction efforts were generally rendered 
abortive by the lack of sufficient contact surfaces. 

While these obstacles were serious, the relatively trifling material 
gathered was rendered illuminating by the investigations which have been 
carried out during the last decade in this country. Amongst the most 
enlightening of these for the special purpose of interpreting the Mumbwa 
material have been the investigations of Broom, Allen, and Drennan 
relative to the Australoid element in the living Bush and prehistoric popula- 
tion of South Africa; those of Laing, H. 8. Gear, Drennan, Wells, and 
myself in isolating the Boskopoid admixture; and lastly, but far from 
leastly, those of Middleton Shaw, in recognising the well-marked differences 
between the Bantu, Bush, and Boskopoid teeth. 

There is no need for me here to summarise those distinctions, which 
can be readily found in the literature. We propose merely to give a brief 
catalogue of the material found and to summarise from those notes its 
significance. Five different layers of burial deposit were found. In the 
third and bottom layers crude beehive stone entombment was practised. 
This method may also have been adopted in the superficial two and in 
the fourth layers, but if so, the tombs were so poorly constructed as to 
escape notice and in some instances were certainly definitely absent. 
Entombment would appear to have been restricted to only important 
personages. Reading these burials from above downwards, as it were, 
they have produced fragments as follows :—- 


Stratum I. Most superficial, 40-70 mm. (circa). 

1. Fragmented parietal and temporal bones, probably several indi- 
viduals. The temporal bone displays a well-marked supramastoid 
ridge ; bones eroded and fractured. Bushman. 

1 terminal toe phalanx. Teeth from at least three individuals : 
(a) Milk dentition of a Bushman child (2 incisors, 2  bicuspids, 
2 molars—crenulated). 
(6) Adult dentition of a Bushman (3 bicuspids, 4 molars—taurodont 
character). 
(c) Massive adult dentition of taurodont appearance (2 incisors, 
4 bicuspids, 3 molars). Bush-Boskopoid. 

2. Parietals fragmented, and eroded portions of femur and clavicle. 
Lower jaw, left side, greatly eroded with 2nd and 3rd molars in situ. 
Bushman. 


Stratum II. 70-100 mm. (circa). 
1. Temporal and parietal fragments; left side of mandible (eroded) 
containing 2 bicuspids and 3 molars in situ; also 1 canine and 
3 molars probably from same dentitions. Bushman. 
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2. 4 molars of another dentition. Bushman. 
3. 5 molars, | bicuspid, and | incisor of an infantile dentition. Bushman. 
4. Temporal fragment, humeral fragment, 5 molars, | incisor. Bushman. 


Stratum IIT, 120 mm. 

1. Tomb A. Calvaria, fragmented mandible containing 2nd and 3rd 
right molars, 5 separate teeth, and fragmented femur. Bushman. 

2. Tomb B. Calvaria (in 9 fragments), including frontal and occipital 
fragments, portion of mandible eroded—no teeth in situ, 8 separate 
teeth, portion of upper jaw with 1 molar tooth im situ, fragments 
of 2 humeri. The frontal fragment shows a well-defined torus 
orbitalis. Bush-Australoid. 


The following additional material came from these two tombs: 22 
quartz flakes, 5 pieces of shell-nacre, hundreds of small pieces of bone, 
some of which have been trimmed or hollowed or smoothed, single teeth 
of at least 6 different species of antelope, 1 wart hog molar, and a lion’s 
canine. Query: symbolical of fashioners of ornaments ? 


Stratum IV. 150-175 mm. 

1. Ellipsoidal calvarium and fragment of upper jaw, impure Bushman 
Bush-Australoid ? No tomb. 

2. Mandible practically complete ; Ist and 2nd right molars and 2nd 
left molar i” situ, temporal and occipital fragments, 2 pieces of 
femoral shafts, | piece of humeral shaft, 1 piece of fibular shaft— 
all greatly eroded Bush-Boskopoid. No tomb. (14 flakes and 
implements in close vicinity.) 

3. Virtually complete skull and fragment of eroded fibula. Bushman. 
No tomb. 

(1 round smooth stone—4 in. x3 in. x2 in.—and portion of shaft 
of a large femur ? Buffalo in close vicinity.) 


Stratum V. 190-200 mm. 

1. Fragments of parietal, occipital, fibulae, clavicle, ulna, and humerus. 
Bush-Boskopoid. ‘(1 detaching hammer and 38 flakes and imple- 
ments in close vicinity.) No tomb. 

2. Tomb C. Fragment of humerus and in addition | rostro-carinate, 
1 detaching hammer, | chisel, 2 snubbed points, and 9 wrought 
flakes. Query: symbolical of fashioner of implements ? 


Of the 15 diagnosable individuals discovered, it is apparent that 10 
represent frankly Bushmen and that the other 5 portray admixture with 
more ancient and primitive types such as those designated Boskopoid and 
Australoid. These mixed types are found with greater frequency at the 


: 
rt 


The Ancient Iron-smelting Cavern at Mumbwa. 427 


lower levels of the cavern, but occasionally the primitive type emerges 
in the higher strata. 

It is valuable to recall here that several years ago a skeleton was found 
during the digging of a prospecting trench near Kalomo in Northern 
Rhodesia. It was found associated with pottery at a depth of 6 feet and 
was described by Mr. H. 8. Gear in Bantu Studies (1926). The remains 
were donated to the Department of Anatomy in the University of the 
Witwatersrand by Major Trevor, and they are those of a typical Boskopoid 
individual. Apparently the big-boned Boskop type was widely dispersed 
north of the Zambesi in pre-Bushman times, and here, as in Southern 
Africa, became freely hybridised with the more delicately constructed 
Bushman. It is a fascinating hypothesis that the more primitive Bosko- 
poid and Australoid types were responsible for the conservation of the very 
crude Old Stone Age cultures ; and that the Bushman, having secured it 
from some source or having themselves developed the technique, were 
responsible for the Moustierian (or Fauresmith) type of culture in Southern 
Africa. Such an hypothesis would serve to explain for the present the 
emergence of the diminutive form of coup-de-poing. 

However these things may be, the important issue of our present study 
is, that it was amongst this mixed people with their Moustierian manners 
that the heterogeneous collection of recent palacolithic and even neolithic 
influences, allied to a metal-gathering ambition, arrived in the Zambesi 
watershed. 

In conclusion, we wish to point out that these investigations would 
never have been carried out if it had not been for the initiative and enter- 
prise of the leader of the Expedition, Commander Attilio Gatti, whose 
scientific enthusiasm and rich experience in African travel and exploration 
brought the Expedition to Africa, and whose organising capacity was 
responsible for the favourable conditions under which the entire work was 
executed. 
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PHOTOGRAPH 1. 


The northern bluff of the Mumbwa rocks in which the cavern excavated is situated. 
The two X's mark the sites of the two main entrances on the western and north- 
western aspects. 


PHOTOGRAPH 2. 


Entrance to southern portion of cavern showing the furnace refuse littering the approach. 
Professor Dart (left) is reclining against a fallen limestone block and pointing down- 
wards to subjacent rocks composed of furnace material. Signor del Grande (right) 
is standing in the trial trench commenced by Mr. Macrae. 
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PHOTOGRAPH 3. 


Left upper—haematite coup-de-poing. 
Right upper—piece of slag showing quartz fragments. 
Left lower—limestone rock from furnace showing incinerated crust. 
Right lower—piece of soliditied pure ash. 
All specimens from the furnace and ash strata at Mumbwa. 


PHOTOGRAPH 4. 


Showing the structure of the tombs and their relation to the northern cavern wall. 
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PHOTOGRAPH 5. 


View looking eastwards of the northern excavation showing the white ash stratum and 
the oval furnace floor. 


PHOTOGRAPH 6. 


Collection of Moustierian implements. The photograph also includes for comparison 
two palaeoliths from the furnace stratum (at each end of upper row), and neolithic 
polished axe-head from furnace stratum (centre of upper row). 
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PHOTOGRAPH 7. 


Collection of Late Stone Age implements together with some human teeth and shell- 
beads for comparison. 


PHOTOGRAPH 8. 


Collection of pottery objects from superticial stratum. 
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